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SUMMAKY

Variations in slartness undoubtedly affact oparator perforssnce, somatimes to & Jegres vhich signifi-
cantly degrades operational affactiveness. Alertnass ie a blological state with bahavioral, neurophysio-
logical and biochemfcal slemsuts. Related statss ave vigilsnce, attention, and arcousal. This wmonograph
sumsiarixes tha litevature ur these topics, as well as ths influence of varlous environssnte on alertness
lavals, spontancous fluctuations in alertness, and effecta of suzh variation on opsrator performance. The
eavironmants under consideration includa lung duration flights, flights at night, mouotonous tasks, solitude,
mild hypoxia, sud variations in thermal conditione iu a flight compartment,

PART I
INTRODUCTIUN

Tha asromedical community im frequently called upon to iuvestigate ways of improving or maintaining
tha high-lawel parformsuce of air crawe and eir traffic comtrol personnal, We rreé askad to study conditions
fuch as tha type of wuather sncountarad during a flight, ventilation, vibration, and lighting that influsnce
crev affsctivensss, and to investigate such problams e~ duty tours for radar operators, tlie uumber of crew
sembers for large transpor's, and the division of duties for differant menbers of a crew. The quastions
that arise most frequently concern the maintenance of periormance. Alevtness is a significant contributor
to afficient psrformaice.

Alartness......what is 1t? The slert smmimel is watchful, wide awake, vigilant, ready to act, attentive,
lively, and va the lookout for attack or dznger. He moves briskly, nimbly, and with celerity. We are
describing a bivlogical state, behavioral in ite meat obvious manifestations, clearly important for survival,
Tne slext flier manifests all these signs and thereby enhsnces his own survival, but the contribution of
alertness to his nerformance while flying is of equal aad more imsudiate .ignificance. The alert pilot is
ready to datect signals asd to execute responmes----the esscutial aspect is readinoss. Tha lsvel of alert-
ness varier. At los levela, and parhaps at very high levels, thers is a potential for parformance impair-
want. It is this potential impuirment that is tha focus of this mouograph. Under what conditions in
alertuess reduced? What sre the underlying factors that account for loss ot alertness? How can ucceptable
lavels of alertness be maintained? In the course of dealiug with these questions, this monograph will rauge
acroas several disciplines and many specific toplcs. The remainder of this introduction wiil be devoted to
developing & descriptive frumework for the comtept of alertness.

Some tleoretical formulaticns are nacussary to assess the cffect of environmental factors sod working
conditicns on the alartnass of aviation personuel. Tha assuuption is mada that al)l asepects of behavior do
not change in the ssm way as a work period progresses, but that there are different aspacts of alertnass
which may be affected diffarently by diffarant worling conditions. Hypothessa are needed, then, regarding
ths dimensions along which alertness may vary. in considering this quastion we shall center attention on
thosa aspacts of bahavior that ralate to tiw general level of alercness of the organism, and emphssixs aciual
. ~rformance rather than hypotheticsal capacity.

Published reports revosl a wide diversity of findings, conclusivns, #nd copinions concerming the vays in
which performance under different working conditions axd environmental influsnces may vary as a Tuunction of
cime. Various theoriee have besn sdvanced concerning the nature of these parformance changes and various
interpretations of such changes have Leen oifered.

Thers are savaral excellent asrly reviewa of studies of performance changas in aviation psarswnnsi.
The report preparad by Finan, Finan, and dartson (1) for the United Statas Air Force raviewed 568 titles
snd prasented a brief, organizad wummary of the results of many tests of decremants in performsnce, This
report forces one to conclude that prior to 1950, the results from the wmany and exiensive tests and indices
of parformauce decramants have coutributed 1ittls to the devulopment of tools and techniques suitable for
use in studying alertness changus. More racantly, significant advances have bean achieved in the ares of
vigilance, which can be considered to be squivalent to alertaess.

Many changes of & subjactive nature also occur as a function of the time spent at a task. Sowe of the
changas which have been cited include lowered feeling tone, boredom, reduced willingness to exart oneself,
lowered gosls, raduced motivation, increased viplessentness of ths working situation. Most of thase can be
susmed up under vhat Bartley and Chute (2) aptly call "aversion" toward the task or situation.

It will be worthwhile to consider briefly tha various psychological hypotheses that have beer advancad
as to the nature of alertness changes. The rexainder of this iection is devcted to presenting ti ise

hypotheses.
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Mobilization of renources.--One of the most partinent hypotheses regording the factors underlying
alertness changes is that under adverse conditions the individual . able to bring all his capacitiaes to
baar on the complarion of a tisk. Wa can call this the ability ty "mubilire resources." This capacity
may ba the major reason why 20 muny isolated bahavioral maasures have failed to reveal changes of alertness
as a function of tima.

Dacrements and impairmsnte in pevformance may be masked av a result of this wmobilization. The masking
of important changes in ths organiem probably occurs primarily in relation to the major requiremsnts of
tacks. It seems reasonsblc to expect, therefore, that we should look for signs of decyessu. un rhose aspects
of tha task vhich are considered by thea worker to be le:s important, These signs will be less Mc! h & bv
masking dus to "mobilixation of resources," and, therefor.., will be particularly indicative of the nature m.
axtent of general changes in the alartness and level of performance of the total organism.

Welfoxrd, Brown, end Gabb (3) lend support to the hypothesis of mobilization of resources. They suggest
that the compensatory machsnism of the human are axtremely complax. However, they state that sven where
significant effects can be shown on very simple senso-y and motor tssks studied in isolation, the effacts
of these decremsnts on tha largar complex task are noi pradictable within any acceptable level of certainty.
From their point of view, changes of performance are mors likaly to be shown by tasks at least as complex
as, if not more complex than the .ormal run of tasks that subjects desl with,

Loss of flexibility of set.--Oma of the commculy report~< charscteristics ~f performance aftsxr a period
of time on the job is s loss in the ability of the worker to perceive and adjust to new aspects of the task.
Tha w)rker ssems unable to shift quickly and effectively from one subpart to smother subpart of the task,
end has difficulty performing a new task that is different from the task he has completed. It seems reason-
able to hypothesize that the undarlying mechanism is a loss of fiexibility of sat. Signs of decremant
should thersfors he mors frequeut in tasks vhich require the subjact to exercise flexibility in woving the
focus of performance from ona subpart of & task to snother.

Change in controlling set.—-Performance decrements which are laterprated as being due to reduced levels
of aspiration have beean reported. The worker is satisfied with a less adequa’e performance. Small errors
go uncorrectad, even though thsy are perceived. The underlying mechanism is hypothesized to be a change
in the general, overall controlling set of the orgasism. Sigus of déccumaut should therefore be more frequent
in tasks which allow small erxors to go uncorrected.

Incrsase in conflict,~-It has been proposed that thare is a close correspondence between decremants
in performancea and tha degree of subjective I[rustration associasted with a tack, The growth of frustration
may ba a product of an increass in conflict betvcen the attitude, fweling tone, and other subjective com-
ponents of performance and tha requiremsnts of the task on the organism. Assassments of interpersonal
conflict may also reveal the cost of mainicaining performunce on the more critical parts of a job., We shall
turn now to a waurcophysiological analysis of alartness.

PART II
NEURCPHYSTOLOGYC AND BEHAVIORAL ASPECTS OF ALERTNESS

The focal poiant is the ascending reticular activating system. It has been firmly established that the
bratn-stes reticular formdtion has both excitatory and inhibitory functions. Studies involved vwith the
sxcitatory mechanisms (4,5,6,7) have shown increased responsiveness (alertness), both behaviorally and neurco-
physiologically, following stimulation of appropriate areas of the raticular formation. Wa will sssuwe that
reasonable alertness is the normal stute of the functioning air crewman. Tharefore, it is tha inhibitory
properties of tha reticular formation with which the neurophysinlogy of alertness is primarily coancerned.

Tha veadar should realize that the "division'™ of the reticular formation into inhibitory vs. excitatory
areas, or regions, or machaniems, is usually artificial. As will be discussed below, stimulation of the
reticular formation often results in eimu'taneous excitation and intilbition of different parts of tha nervous
system. However, such a dichotomous diviiion does ssrve the practical purpose of aliowving some clarity to
ba achieved in a discussion of alertness.

The Evoked Potential

Supra-threshold stimulation of any of the sensory modaliriam produces a distinct neuro-elactrical
respcuse; ihe evoked response or the evoked potuntiel. By placing electrodes in or on ssnsory projection
areas of the brain cortax, or in the sensory patlways which conduct impulses to these arsas, the evoked
potential can be reacorded. Whan raccrded from the cortex or tha scalp surface, the evoked potential typi-
cally exhibits a short latency (8-10 msec.) ad weasurad from the time of stimulus presentation to the time
of its sppaarance. A series of alternating positive and negative potentials (or peaks) then follow, with
tha usual duration of tha entire evoked potential not esxceeding 500 msec.

Most maasures of the evoked potential are mads on the wore reliable peaks occurring within .ie first
200 msec. Tha sarliest of the pesks (reaching maximum amplitude at 30-50 wmsec.) can ouly be recorded from
a fairly restricted portion of the brain surfaca. This area is considered to ba tha locus of sensory repre-
ssntation of the physical stimulus presented to tha related sensory receptor. These early, ov primary,
potentials reach the cortical preojaction area rapidly via the primary seusory pathways. Potentials (peaking
at 120-180 mpec.) occurring after the primary potentials can br recorded from wost aresus of the cortex, and
seem to rea.h it via slower reticular patiways vhich bypass th: primary sensory relays of the thalamus.
These later potentials are usually of greater asplitude than the primary potentials, Up to soms maximum
limit, the amplitude of the whole avoked potsntial (comprised of the componant potentials just described)
resulting from peripharal stimulation is proportionel to the intsnsity of the stimulus. ,wplitudes ranging
from a few microvolts to a hundred microvolts are not uncommonly reported in the literaturs.
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In addition to stimulus intensity, thera are many other factors known to hava diematic euffecis on
avoked potential latency and saplitude. Awong them are the experimental preparation (implants or surface
alesnveden), rha Incatian nf rha racording electrodes, tha ssnsory modality being stimulated, snd the state
of arou ai of the organism. Tha last of thase factors is not unrelated .. the wuple of Lhe prizat pape-,
Whather or not tha axparimental orgsnism is "attending" to stimulation apparently affecLs the smplitude of
the avoked potential rasulting from that stimulation,

Discrete stimuli of very short duration (milliseconds), having a definite "on" and a definite "off",
yleld the most distinct evoked potantials. Neverthsless, evoked potentials recorded from the surface of
the cortical mantle or, &s ‘3 usually the case with humane, from slectrodes attached to the scalp surfaca,
are often difficult or imgossible to detect because they are superimposed on the spontansous activity
(electrosncephalogram or EEG) of tha brain. Tha devalopment of averaging devices which summate the evoked
potentials to any desired number of repetitive stiwilus presentations, whila "averaging out" ths random
spontaneon: activity, has greatly snhanced the researcher's ability to atudy this elactrical responss to
pariphe.;al stimulation.

Habituation of the Evoked Potential

Accompanying repatitiva stimulation with identical, nonrainforced atimuli, such as awditory clicks or
flashes of light, is a dacrease, over time, in the smplitude of the avoked potentials Initisted by the
stimull, This diminution of the avoked potentixl smplitude has been obaerved in the cortical areas (8,9,
10,11,12) aud the primary sensory patiways (13,14,15,16), Evoked potsntial suppression to repetitive, mono-
tonous stimulation is operationally defined as hohituation (14,17). Evidence exists that habitustion 1s a
central phesnomsnon and, tharefors, not the result ot receptor adaptation (a change in threshold) or recsptor
fatigue (18, 14). Habituation of the avoked potential can be obtained with widely spaced stimulus present—
ntions which could have no cumulative effect on the xeceptor mechaniss. Furthermora, any perceptible changu
in the stimulus or stimulus saquance which has led to habituation, such as & change in stimulus intensity
(increass or decrease), stimulus quality, or stimulus pattern ismediately evokes a full strength potentisl;
that is, dishabituation (or inhibition of habltuation) occurs. Sudden casgsation of the stiwulus also pro~
duces complate or partial dishabituation upon tha naxt presentation cf the sams stimulus (13).

Tha tera "nonreinforced” stimulus used in the opening sentence of this section is a vary important '
inclusion in defining situstions in which habituation of the evoked potentisl will occur. If the stimulus ‘
is in somt way roiniuccad and, thevefore, has gome aignificance to the expearimentul subject, habituation
of the avoked potential resulting from that stimulus will not occur. In conditioning, for example, the |
exparimental subject learns to parform an appropriate responsa to the conditioning stimulus, During such
learning the avoked potentials to this stimulus do not decrease in amplitude, and may even increase (19), '
Similar findings ars reportad for experimental situations in which human subjects acquire stimulus signi-
ficance through expsrimental inetructions, If directed to report a chauge in tha stimulus or to react to ’
tha stimulus as rapidly as possible, habituation of the evoked potential does not occur (20,21,22). Thus,
the dimension of stimulus significance or meaning plays sa important role in habituation.

A typical conditioning procedure provides an example of (a) the importance of stimulus significance or
mesning, and (b) evidence for viewing habituation ds a central phencvmenon and thaerefore, different from
the peripheral phanomsuon of receptor adaptation. The subject is firstc habituatec to a stimulus, wuch as
a click, Once habituation of ths evoked potential is attained, thie same szimulus iv lsmediately wmade a
(maningful) conditioning stimilus by pairing it with an unconditioned stimulus, such as a puff of air to
tha eys, Pollowing the first few such pairings, a full strength evoked potential is observed to occur to
the click. Since the stimulus propartic= of the click are constant throughout, the dishabituation resulting
from the conditioning procedure could not occur if the previous habitusgtion had been the result of soma
change in tha peripharal receptor mechanism., In short, it is possible to desonstrate inhibition of habitu-
stion but. not of recaptor sdaptation.

The terminclogy baing used in _his Jdiscussion ganeraces the qusstion of the status of habituation as &
‘earning procase, Thave is not agreement as to whethev habituation is a type of learning. Soms researchars
(14,19,17) consider habitnation to be the most simple type of learning and, wore explicitly, a type of neg-
ative learning in that tha subject laarns not to respond to nonreinforced or nonsignificant szimuli. Taiwm
learning process is considaved to ULe analogoue to that occurring in the usual oimpla conditioning situation,
except in the latter casa, the subjeci learns to respond to icinforced or mignificant atimuli. Behavioral
cbsexvation does indicata this to be th~ case. A subject in an habitustion situation responds to the initi-
ally novel stimulus in that hn physically orients his heed, and, possibly his whola body, toward it. After
s faw nonreinforced presentations, however, the subjact no longer orients to the stimulus and, {n the sbsence
of other stimulation, may becomm drowsy and even 30 tc sleap (23,24,25). Following habituativa of the
bahavioral responges to the nonreinforced stimuli ie the above mentionad habituation of the evrkad potentials
generated by thesa stimult (15). However, in the conditjoning situation, whers the stimulus becomes signi-
ficaut through sppropriate shaping snd reinforcement procedures, the subject remsins alert and, as discusmed
earlier, evoked potential suppression is not observad to occur,

Other theorists, on ths bausis that learning is often defined as & relatively permsnent change in
behavior, do not consider habituation to ba a cype of learming (26). Such a position is somewhat justifisd
in that, hsbituation, while it can be prolonged, is never permasnant. Racovery or dishabituation of the
svoked potential to a stimulus doas occur following a pericd of reet or interpolatad activity (15). However,
rehabituation to the sess stimulus esldom requires as many trials ox stimulus pressntations as did the first
habituation session. And each succeading session requires fewsr and fewer presentations to obtain the same
degrea of hsbhituat’.: (19). Thus, thure is some "carry-over” effect which does indicate habituation to be
& lsarning procass.

Consideration of sll the above findings suggest the existance of soms central mazhanism which has a
sensory-gating fuacfon, suppressing seasory input following prasentation of nonreinfurced or nonsignificant
stimcli while orferiig no such resistance to input generateéd by reinforcad or significant stimuli. The
re'ovanca of such a ms hanism to atteational processes is obvious. Thus, investigators have xzttempted to
dateraire what this mechaniem is; how it functions, and where in ths sensory pathvay it has its affect. Omne




of thea most prolific .vsearchers in this area has been Raul Hernandez-Peon. As will be discussed below,

he and his associates have conitructed a strong case for intrusting the braln-stem reticular formation, a
region where impulses of all sensory modalities converga with this sensory-gating function. As mencionez
at the bteginaing of this section, this group of investigators has found habituation of the evokad potential
to occur in all of the primary sensory pathways of the nervous systes, Furihermore, they have found habitu-
ation of tha evokad potential to occur first at the "highest" level of the pathway; at the cortical sensory
area. With furthar stimulation, evoked potantial suppression is then observed to occur successively at
lower and lower levaels of the pathway, occurring last at the first afferant synapse (27,28,29).

Stimulus Variables

Before further pursuing the major topic, it may be of banefit to the reader to briefly discuss impor-
tant atimulus variablas iu this 2 es of research., In most of the studies, inftiation and duvation of
censory stimulation is contrnoliad hy an audio oscillator generating squ-re wvave pulses of desired duration,
Such pulees yleld "crisp” stimuli which result in well defined evoked potenrials, as diascusi.ed earlier,
Stimulus duration va.les anywhara from a few hundredthe of a millesecond (30) tc seve.al mi.liseconds (31).
Likevime, intensity and rate of stimulation, the numher of s)perimental icssions, and the cduration of an
axparimantal session vary grestly from study to study.

A fav stidies of a paramstric nature have besn repoited. Calambos (30), in a study investigating the
suppression of suditory nerve activity by electrical atimularion of efferent fibers lo~ated in the floor of
the madvlla, reportad tha effects of varying (a) strength of auditory stimulation (inte..sity of clicks),
and (b) frequency and intensity of shock to the medullary fibers. For constant shock values, the auditory
nerve resp nse was more likely ro be abolished when the click was of weak intensity. With weak clicks, fewer
stimulus presentations verxe iaquired for complate avoked potential suppression. Iacreawed rate of supr.es-
sion of the evoked potential to the clicks was found as rhe intensity and/oc frequency of madullary stimul-
ation was increased (to some upper limit), whila holding auditory stimulation constant. Sensory stimulation
at the fast rxatee leads to habitustion of the evoked potantial sooner than do slow rates of stimulation
(19,32). While wost atudiss use a constant rate of atimuluo presentation, Webster et al. (32) found a
ragular rate of stimulation to not be a nacessary condition for habituation to occur. However, very intense
stimulation seldom leads to habituation of the evoked potential., Recording from the cochlear aucleus,
inferior colliculus, and medial geniculate body, Webster (33, more recently reports an instance in which
weak auditory stimuii did not produce larger evoked potantisl decrements than relatively atronger stimuli.
Also, dishabituation wvas not observed as a result of changes in rate of auditory stimulation,

While describing the stimulus psxumeters of sach study discussed in the present paper is prohibitive,
it is fwportant that the reader realize that these factors are of significance and often make comparison of
stirdies difficult or impossible. In brief, Iew of these studies are primarily intereat in the rate of evoked
potantial habituation, but in whethar or not habiruarion to ongoing stimulation occurs in the experimentsl
situation or prepaiation under investigation,

Afferent Neuronal Inhibition

Pexliaps the sarliest study indicacing that the reticular formation i st least partially rasponsible
for the control of seneory input was performed by Hagbarth and Kerx (34). With domestic cats serving as
subjects, they found that eslectrical stimulativn of the midbrain reticular formation reduced the amplitude
of postsynaptic afferent volleys recordad from lumbar dorsal roots. It should be noted that this same reti-~
cular stimulation simultanescusly produced a general behavicral alerting of the organism and activatiom of
the EEC (low voltage, fast activity) as fira® reported by Moruzzi and Magoun (7). The behavioral alerting
and concommitant ieurophysiologiz&l arousal response resulting from reticular stimulation appears identical
to that observed upon the presantation of a novel stimulus to a rclaxed subject. Results similar to thoar
of Hagbarth snd Kerx have now bean reportad for all modes of sensory input at all levels of the central
nervous system (9,10,35,36,37,38,39,40),

Thus, the combined findings of (a) the brain-stem reticular formation being a center of convergence for
impulses of all sengory modalitiec, (b) behavioral and evoked potential suppression to nonreinforced or non-
significmat stimull, (c) a similar suppression of sensory evoked potentials during and immediately following
direct s:imulation of ths reticular formation, (d) the increased behavioral alertness observed during and
iwmadiately following reticular stimulation or presentation of a novel stimuins, and therefnre, (e) the
apparent relationship between evoked potentisl amplitude and whather or not the organism is actending to
tha atimulus wvhich initiated the evoked potentiasl, generated Hernander-Peon's theory of afferent neuronal
inhibition. This theory views the ceticular formation as a highly important sensory integration center
which exhibits cautcifrigal filtering iuiivesc«s upon information Lt veceives from all sensocry pathways
(41). At a given momsnt, only a iimitad number of incoming signals reach the reticular formation, and
all others are excluded. "The axclusion of affercac impulres from sensory receptors takes place just as
they enter the central nervous system. Thersfore, the first sensory synapse functions as a valve vhere
sensory filtering occurs (41, p, 515)." But this "valva" is controllad by the reticular formation.

Such coutrol ia obtainsd through c!ferent inhibitory fibers which course from the reticular formation
to the first sensory eynapse. Soms eviuence for the existence of such fibers is presented below. Thus,
a rype of faudback loop may be conceived, with the sfferant fibers from the first sensory synapse to the
raticular formation representing the ascending ~omponent of the loop, and the efferent inhibitory fibers
coursing from the reticular formation to the first sensory synapse repregenting the descending (centrifugal)
component, It is further assumed that efferent inhibitory fibers have similar . :ifects at all of the synaptic
junctions of u primary sensory patiway (27,11). This additional assumption would explain the findinge dis-
cussed earlier that habituation of the avoked potential is first observed to occur at the cortical receiving
area and than successively at lower brain levels. The inhibitory effects of the centrifugal fibers would
have a cumulsative suppression effect on thae incoming avoked potential as it traversed more and more synaptic
junctions of the sensory pathways.

It is evident thst Hurnandez~Peun and his colleaguas considear the reticular formation as controlling
important sensory integrative nmachanisms. Impressive evidence for this position has been reported in a
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wultitude of studies. Perhaps the studies utiiizing anesthetics and lasioning techniques more than any of | »
tha others, lcud support £o this position. Unless otharwise wtated, all of the atudies to be discussed used .
domestic cats as subjects.

Lrug Studies

L%

It has bean known for soma time (42) that central anesthetics yield an snhancement of cortical evoked
potentials. Racording from subcortical lavels of specific afferent pathways has revealed that, under the
influence of central anesthetics, enhancemant of senaory evoked potentiasle occurs at all levels of the central
necvous system, including the first seznsory synapse. liagbarth and Kerr (34) report that the evoked potentials
recorded from spinal afferent neurons are increased in amplitude during pentobarbital or chloralose anes-
thesia. Similer enhancement of evoked potentiels during pentobarbital snesthesia has been observed at the
gracilis nucluus in the medulla and the lateral geniculate body in the thalamus (31). As long as the effects
of tha central anesthetic are present. no habituation of the evoked response is observed. If habiruation
Las occurred just prior to the adminj.tration cf a central anesthetic, complete vacovery (or dishalituation)
is ohserved after the anesthatic has taken effect (19). These observations imply that central anesthetics
release nensory relmy stations from inhibitory influences which act tonically during wekefulness. In an
! effect to locate the orig! of such tonic inhibitory influences, a variety of lesionlng studies have been
v parformed.

AT

Lesion Studies

S Hernandez-FPeon and Brust-Caisona (19) report n comprehensive study in which habituation of evoked poten-
1 vial initiated by tactile stimulation was investigated following rumoval or complete sectioning of various
levels of the central nervous system, The evoked potential wus recorded by means of electrodes implanted

in the lsteral column of the thoracic segment of the spinal cord. It was first established that habituation
B would occur at the spinal level in intact animals. Following removal of the neocortex, habituation of the

: spinal evoked potentiale was observed to occur at the seme rate (or sometimes faster) as it had in the intact
subjects, Similar results were found for the decerebrate preparation. (In general, structures present in
the decorticate, but not in the decersbrate are the forebrain, the temporal lobes, and the diencephalon,)
Uishahdte~t{on weg pl~~ ~hgervad in brrt of these pr~parrtions following a slight increase in stimulus
intensity. The use of an increase in stimsulus intensity to demonstrate the occurrence of dishabituation was K .
an unfortunate selectirn, It would have been much more significaut to find the same result using a slight

decrease in stinulus intensity.

gl

If afferent neuronal iuhibition results from centrifugal inhibitory infiuences proceeding from the reti-
cular formation of the brain-stem, then the spinal responses habituated in the above mentioned deccrebrate -
prcparction should be enhanced by interrupting the postulated descending inhibitory path to the spinal sen-
! sory neaurons. This is what Hernancez-Péon and Rruat—Cermona found. Following severance of the spinal cord
at the second cervical level, the tactile evoked potentials were enhanced to their original size. Unfurtun-
ctely, no analogous attempts wera made to iuventigate whether or not dishabituation occurred as a result of
sectioning at the brain levels above the reticular formation. The theory of afferent neuronal inhibition
would predict there to be no dishabituation of evoked potentials to stimuli which the subjects were habitu-
Y aled to prior to the surgical manipulations.

[ Sk

Other studies have investigated the sffects of lesions in the reticular formation. Extensive lesion of
the mid-brain reticular formation prevented acoustic hablituation at the cochlear nucleus (43). If habit-
. uation had occurred previous to lesioning, dishabituation occurred immediately following its administration.
Soma lesioning atudies (41) indicate that different areas of the reticular formation do not participate to
the same extent in the development of habituetion in the different sensory pathways. Mesencephalic tegmen-
tsl lesions prevent habituation of olfactory activity whercas lesions involving the pontine tegmentum do
nnt prevent olfactory habituation., These swme lesions have just the opposite effect on vestibular acti-
vity. Pontine lesions prevent vestibular habituation while mesencephalic lcsions do not. These findings
sige-st an anatomical and/or fun~tional orgmnizacion of the sensory integration properties of the reticular
formation,

AR .

Distraction Studies

Perhaps the moat well-known study reported by Hernandez-Peon is of this type. As in all of the studies
discussed above some type of discrete unreinforced stimulus is repetitively presented to the exparimental
subject and the evoked potentials resulting from thiz ctimulacion are recorded from sowe point in the sensory
pathway, A distracting or novel stimulus, usually ot a different sensory modality, is then preasented to the
aubject and changes in the evoked potential are noted. The classic study of this type was performed by
lHermandez-Feon et al. (31). Evoked potentials to auditory clicks were recorded from the dorsal cochlear
nucleus. Long before habituation to the clicks could occur, visual (mice), olfactory (fish odor), or
somstic (shock) stimuli were presented concurrently with the clicks. During presentation of any of the dis-
traccing stimuli, thc amplitude of the evoked potentials were greatly depressed. Removal of the distracting
: stimuli led to immediate recovery of the auditory evoked potentials. Similar findings have been reported
. for visual evoked potentials with acoustic distraction (11), olfactory or somatic evoked potentials with
' visual distraction (16), aund tactile evoked potentials with visual, olfactory, or acoustic distracting
v stimulil (44).

# In all of these studies, presentation of the distrvacting stiwmull led to behavicral arousal of the sub-
: ijacts. Tha supprassion, and in some cases disappearance, of the evoked potential is assumed to result from
s the subject paying attention to the novel stimulus snd ignoring the other. That the animal is alerted by

} the novel atimulus is supported by the fact that the resulting behavioiil alerting response is like that

" resulting from direct reticular stimulation and is accompanied by an activated ELG pattern. These same

’ vesults are found in decorticate cats and in cats with destruction of the specific auditory pathways at

k the wesencephalic level (45,41).

Jane, Smirnov, and Jasper (46) investigated the effects of distraction stimuli presented to th same
{ sansory modalitias in which ongoing stimulation was occurring. Auditory clicks and visual flashes were b
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presented stimultaneously. Evoked potsntials to these atimuli were recorded from the auditory and the visual
cortices, and the madial and lateral geniculate bodies of the thalamus. Live rats and recorded rat squaaks
sarved as the distraction stimuli. Presentation of either of the distracting stimuli produced, ot all
recording sites, evniied potentials of greater amplitude than those produced before or after the presentation
of the distracting stimulus. This result challenges che «rigtence of a sensory~gating mechanism and, instead,
indicated an overall diffuse alerting of the oxganism., It whould be noted that these researchers measurad
svoked potential peaks of only 20-30 msec, latency from the st.mulus onset and, therefore, the regults can~-
not be attributed to mwsasuring secondary peaks resulting from diffuse reticular pathwa s.

While the authurs make litrle of it, 1t is also ifmportant to note that they found rome facilatory inter-
action or cross-talk botween auditory and visual pathways. Ampl.tudes were lower, for instance, when clicks
vers preassunted alone than when both clicks and flashes were presented simultaneously. Perhaps this inter-
modal facilitation was maintained during presentation of the distraction stimulus. A related poasibility
is that the sensory-gating mechanism may not be capable of suppressing input through one sensory modality '
while allowing simultaneous input of anothar modality to pass on unhindered., Great effort was taken in
this study to make the two stimulil as simultaneous as possible, including a 10 miec. delay in the present- ‘ s
ation of the click to allow for the longer input time of the visual syatem due to the photo-chemical process
of the retina. Thus, upon receiving such "time~locked,' dual modality stimulation, the sensory-gating
mechanism way, in the interest of the organism, auppress nelther of the stimull if one of them is of signi-
ficance or novel to the organism, or Lf one of them is shavring a pathway carrying other novel or uignifi-
cant stimuli, Whether or not this hypothetical explanation of the Jane et al, results is compatible with
the praviously suggested functional organization of the reticular formation is a matter of speculation,

But 1f the theory of affarent neuronal inhibition 18 to be of any utility, it must be capsble of explaining
and predicting the results of both inter-modality and intra-modality distraction studies. Whether or not
it successfully handles the latter is yet to be determined.

Efferent Inhibitory Fibers

A basic premise of the theory of afferent neuronal inhibition is that the reticular formation is cap-
able of inhibiting sensory input at the afferent aynapses by weans of efferent inhibitory fibers under its
control. That electrical stimulation of the reticular formation yields a suppiwision of evoked potential
amplitude offers some indirect evidence for the existence of such fibers. A few studies offer more diract
aevidence, Galambos (30), recording from the i1ound window of the cochlea, found electrical stimulation of
a4 v..ry vestrlcted area near the fioor cf the wedulla to suppress the amplitude of evoked potentiels genear-—
ated by auditory clicks, Higtological investigation revealed this area to be located in the olivo-cochlear
pathway, which was first described as an auditiory efferent puthway by Rasmussen (47,48). The flbers of this
pathvay are known to end in the cochlea, but exactly where in that organ is not known, 1f this pathway was
cut peripheral to the site of stimulation, habituation of the avoked potential could not be obtained. Con- :
trol lesions made in closely adjoining areas did not prevent habituation. Thus, these results suggest that H
impulves Lrunwporied by the vllvo-cochlear iiuers ave armehow required for habituation of evoked potentials %
racorded from the round window.

This finding, while not necessarily in conflict, would not be predicted from the theory of affarent
neurvnal inhibition, The theory considers central cortrol of sensory input to occur no sooner than at
the first afferent synapse., Advocates of afferent neuronal inhibitlon consider the efferent inhibitory
fibers to be anatomically within or immediately adjacent to the primary sensory pathways. Spinelli, Pribram,
and Weingarten (49) have reported a most intriguing finding which supports this position. Evoked potentials
were recorded from the optic nerve of the retina when a curarized cat was stimulated with auditory clicks
to its ear. Since there was no discrete gtimulation co the visual system, these evoked potentials were
interpreted as being efferent impulses sent out to the retina from the brain while it was processing the
input of the auditory pathway. Most recently, Irvine and Webster (50) prusented evidence that the olivo-
cochlear buudle does not function es a gating mechanism in the auditory aystem.

Other Theories and Res.e&rch

For the most part, the findings of the behavioral and neurophysiclogical research on vigilance and
alertness support a positilon which coneiders the reticular formation to be a sensory integration center,
capable of suppresaing input generated by nonsignificant stiwmuli by means of effereut inhibitory fibers
coursing from the reticular formatlon to synspses of the afferent sensory pathways. Rowevar, this position,
and the rescarch upon wulch it is based, is ner without its critics. A fundameutal point of dispute is .
whether habituation of the evoked potential is a central or verioheral phenomenon, Obviously, Hermmendez~
Peon and his colleaguas consider habituation tou occur centraily. The peviphersl viewpoint considers habit-
uation to occur outside the central nervous system, as a result of the activity of structures or mechanisms
peripheral to the sensory receptor.

More specifically, the peripheral explanation of habituation states that jess sensory input antexs tha i
primary senwory pathway. Mechanisms peripheral to the receptor, but which are in someway involved in sen-
sory input transmission or transduction, are considered responsible for this reduction of input to the
central nervous system. In the auditory system, for example, it is well founded that upon presentation
of a very loud auditory stimulus, the middle easr muscles (tengsor tympani and stapedius) contract, thareby
yielding a change in the articulation of the small bones of the middle eur. These bones txansmit guditory
input frow the ear ¢.um to the oval window of the cochlea, The change in acticulation is a protective mechan-
ism which prevents damage to the receptors in the cochlea by ovex-stimuiation., According to the peripheral
poaition, it is a similar activity of these middle ear wuecles which acconnts for auditory habituation, An
analogous mechanism in the visual system would be the pupil.

The bulk of the research which atteapts to resolve this dispute has melected the auditory syctem asm a
means of attack. This choic.. was most likely governed by the relatively easy access to peripharal atruct-
tures (cochlea and midiie «ar muscles) of the auditory systam. Therefore, reseaxch involving the auditory
wodality will be uti)ized in this discussion of central va. peripheral explanationa of habituation, The
wathodology used by udvocates of both viewpoints consists of three fundamental steps: (a) It is first con-
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firmad that habituation will occur in the intact organism; (b) the structures oxr mechaniums amsumed by the
psripheral explsnation to be reaponsible for habituation (t -e middle ear muscles of the auditory mode) are
removed or rendered nonfunctiunal; (¢) observations are made to digcover whether or not dishubituation occurs
as a result of step (b), or if habituation can be obtained following step (b). This procedure would seem

to offer unequivncal results. Such has not baen the case. Proponents of both the central and the pari-~
pheral positions cousistantly report results which wsupport their respactive viewpoints.

Galwrbos (30), recording from tha round window, found a contractlion of the niddle ear muscles to accom-
pany evoked potential suppression. Upon repeating the study in curarized animal: with the middle var wuscles
removed, Galambos found evoked potentisl suppression to still occur. Mousheglan et al (12), rccording from
the auditory cortex, also found habituption of evoked potentials following removal of “he middle ear muuscles.
Dishabituation was then observed t¢ occur upun making the clicks conditioning stimull. Visual diatraction
during the conditioning seasion agaiu led to suppression, These findingu, of tourse, concur with a central
explanation of habituation. Hugelin, Dumont, and FPailes (51) replicated Galambos' finding of auditury hahir-
uation previous to middle ear muscle removal, lowevar, they found very little or no habituation of auditory
evoked potentials following removal of the muscles. Gizmon-Flores, Alcaraz, and Harmony (52) report f£indings
similar to those of Hugelin et al, Thua, these reseav.::hera advocate a peripheral explanation of habltuacion,

More recent studies offer sowe evidence for rejecting the peripheral explanation of evoked potential
habituation, Worden and Marsh (53) and Worden, Marsh, Abraham, and Whittlesny (54) found the poeition of
the subject's head within the fleld of the sound source to be an important variable in recording auditory
evoked potentials, Without proper control of this factor, variation in evoked potential amplitude, unre-
lated to stimulua significance, was found as the subject's head was moved from position to position with
respect to the sound source, The greateaat effect of position changes occurred at the lower auditocy centorg;
the cochlear nucleus and the inferioxr collicull, Eur phones were then devaloped which hald acow.iile input
constant, Using this improved control of the experimental situation, Marth and Worden (55) loul.ed at
habltuation to auditory clicks. For evoked potential samples with the subjects in an alevted state, no
conaintent effect waa obsarved at the cochlear nucleus, although a4 progressive decrease lu amplitude wan
found at the auditory coitex. This finding (und :hose previously discussed in which habituvation of the evoked
potential was found to occur sequentially at successively lower brain levels) suggests that peripheral mechan-
isms are not responsibie for evoked potential suppression. If habituation were the result of peripheral
mechanisms, any suppression effect would be expected to occur at all levels of the cential nervous system
simultaneously, March and Worden also report that evoked potentials in non-alerted samples were of ygreater
amplitude thun in alerted samples. This finding 18 compatible with previous results, in that the reticular
formation is less active in non-alerted organisms, and is, therefore, yielding less toulc inhibitory dnflu-~
ences on primary sensory pathways.

Webdter ct al. (32) have ~lso attempted to clarify the central ve. peripheral controversy, Again audi-
tion was the sensory wode selected for study. These researchers point out that a premise which one must
accept if he advocetes the peripheral explanation 1ls that habituation of the evoked potentinl is produced
by temporal counditioning of the middle ear muscles, since the latency of these wmuscles 18 fur greater than
the duration of stimuli usually employed, This implies that a conatant interval between stimuli 1s neces-
sary for habituation to occur. As discussed earlier, these investigators found 2 regular rate of stimuli-
ation to be an unnecessary condition for the occurrence of habituation.

Another interesting finding Ls reported in the Webstex et al. study. Sodium pentobarbital did not
abolish habituation obtained prior to its administration. This finding, of cours¢, 1s in direct opposition
to all previous reports of the effects of barbituates upon habituation. Furthermore, Carmel and Stavr (56)
have shown barbituates to block the actiun of the middle ear muscles, Taken tougether, these studies offer
results which are difficult for both the central and the peripheral positions to Interpret.

Thus, the trend scems to indicate that habltuation of the evoked potential is the result of central
mechanisms, with the rveticular formation playing a most important role. But, it would be naive to state
that higher brain structures, when present, have wo influence on the reticular formation und, therefore, on
habituation. A8 with electrical stimulation of the raticular formatlon, many studies have found stimulation
of the cortex to suppress evoked potential amplitude vesulting from peripheral stiwulation (37,57). How-
ever, based upon the lesioning studies discussed above in which habituation was obtalned followlng removal of
brain centers above the reticular formation, Hernandez«Peon and his collaborators do not consider these
higher centers as necessary for the occurrence of evoked potential habituation.

There are redearchers who do consider the higher braia centers, Lucluding the cortex, to play a neces~
sary and important role in habituation. The vescarch of these cortical thevrists, however, has emphosized
the study of habituatlon of the behavioral orlenting respounse (briefly mentloned earlier) rather than the
study of evoked potential habituation (see Lynn (23), for a veview of thls rewcarch). Sokelov (58), for
instance, vieus the cortex as a high level compavator which storas "nervous wodels" of past stimulatiou.
1f vensory input matches the "warvous models' ov replicas of nonreinforced or nonsignificant stimuli depos-
ited f{n the cortex as a result of previous stimulation, inhibitory ilmpuluses ure sent from the cortex tn retard
the input of the afferent sensory collaterals enteriung the reticular formstion and, thus, prevent or reduce
the orienting response, If the stimulus is novel, activation of the reticular formation by the afferent
nenscry collaterals Ls not pruvented, thereby allowing the ovientiug response to occur. Obviously, 1f one
desired, this theoretical model could also be applied as an axplanatlion vf evoked potentiul habibuation ov
afferent neuronal inhibition, However, since habituation of the orlenting response ovccurs before and In
many fewer trials than evoked potential habituatlon, Hernandez-Peon (14) suggusted that differant mechanivus
are involved in habituation of the ortlenting renmponse and sfferont neuronal habltuation. Based upon current
knowledge, such a suggestion seems premature, Jouvet (59), another thoorlst who stresses the Lmportance of
the cortex in habituation of the oriuntlng response, found that cortical, mesencephalic, and cochlear evokad
potentials parsisted undiminished in smplltude after EEG activation had habituated, and that cowplete habitu-
ation of the evoked potential was not possible in ueodecorticate aniwals, He concluded that habituation of
the evoked porentiul reprerents an lohibitory effect on the reticular formation by the cortex.
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The studles upon which the theoxy of afferent neurvonnl fnhtbitton du founded have sesteieied peripheral
stimulation to the use of slmple ntimul), such as clicks, shocka, ov fladhes of Tight, Hoo, In the fatact
organimm, it {8 alwo poasible to obtain habitugtfon to more complex atlnull, such v a parteen of touen Clor
Inatance, highelow~high). DlulabLliuation vecurs Lo a change o tbe partexn (fFor fustmner, bigh hlygh-high).

It han besn shown in lawrnlng studies that such auditory parcern dinerimination requires at lendt part of
tha amlitory cortex tu be present, aince Lin complece removal prevantu such bemintog (60), Vhow, the tindiags
by uwdvocateas of wfferant neurounal Lnhlbltlon chat hMgher steactures ob the central uervoun syntem ave unne-

vassary fox the occurrence of evoked potantial habituat ion may contaln a stlaalun artlfact, Iy that only .
very sluple stimull were used. 1t ls difficulr to axclude the cortex as not belng fuvolved in habituat Lon, [

particuiarly when more complex stimuli are luvolved. A study by Rusinov eud Suleaov (16) olfern a drmmd e

arample, Human wubjects were £1rst completoly lubituated to words of wlmilax meanlngs (but difterent woundu) .
Upon prasentation or wordes with dif{ferent meanings (but slmilar somdua), dishahitaat fon occuvreed tomedtately,
Apparently borrowing somewhat frow the Sokolov model, Bower (62) olfers au luteveatiug apecalat fon, )

Dependiug upou the complextty of the lugut st bmalag, the compartron of ;
inpur vy drored replica goen on at ditfervent levelu of the brida,  The asnump- 1
tion would he thal tbe neural sivucturan raspovsible for habituat ton to a g
particular stlioulus are at the same level av those required for tea dinerimin q
ation (p. 445). i

1

Humau Studien

3 The use of humau subjectw ofivrs dintinct advantages tn the dtudy ot sencory habi.uatlow sud, ovin more
. ¥o, attention. Through iustructloual set, LL is pussible to study voluntary attention (alevtnews) to

" selected stimull, Hernandex-Yeun and LDonute (63,64) recordiuy frow within the viaual cortex, studfed viusual !
g evoked potentiamlas to flashes of light., The amplitude of tha evohed potentials wers slgnificantly reduced 4
while the subjecty were parforuming acithmatic calculetions. When the subjects arrlved at a solutlon to o« Py
problew, the evoked potential asplitude recovered., ‘The awount of amplirude supprassion ovcurring during g
wantal work waw proportional to the difflculty of the tawk; the worw difficult the problem, the greater the ;
suppression. Similar results ware found when swotlonal excitewmcut was used in place of meutal work, ¥,
Hemundes-Peou (20) found siwple conversation on some tuple ol luterest to the suojfect to redure the awpt{-
tude of cortlical evokad potentiala resulting Lrom tactile stilmull, !

K. Vigilance af{tuationa, like habituvation studles, present an excollent means of studylng alevtness and

f attantlon lu human subjects (05,06). A vigllance task may by deflied as 4 wonotonous wtiuation in which e
! subjuct nust obrierve rapetlcive stimilus presantation, usually for a long period of timwe, (nuch an one or
two hours). Ocasslonally, the stiwulus will change In soms detlouwd way, and this Is dellned an o crlifeal
I stimulus which the #ubject must detect and report. Yepending on the difficulty of the task, detection per-
| formance usually deteriorates over tima. Most vesearchers {n this tlald wegpume the parforsance decremest
to bu the ~sult of changan in the vbserver's state of attentlveness,

§ The wimllarlty of the habltuatlon sltuation and the simple vigilavce situation {8 striking, aad hn, been
I previously voted by Frankmsnn and Adams (67), Machworih (o8), and Scott (09).  In both situations, che aub-

V! Juct {8 wonotonously presented with nonslgniffcaut stimuli over a prolonged perivd of tlwe. Cply very soldom
4 does a opigniffcant stimilus (signal) occur in the vigllance sltuation. Amplitude auppression of the wvoked

E xesponsn has bean found to vccur in both the habltuntfon and the vigllence situation,  Aad, both the periuve-
A8 wance decreamant in vigilance and the evokud response amplitude decremant lu habitustion generally produce

i a4 vegutivaly accelaratod functlon over time. Findaiugs analogous t: those of dishsbitantlon have also boen

P raported for the vigllance wituation, A rest Interval results (n temporavy pertormaunce lnprovement fn a

! vigilance task (70,71)., The vccurrence of an extraneoun or novel stlmulus has alao been found to tewporacily
improve detectiou perforuauce (68),

AL 2TAWED et e s

u liwidar at al, (10) vocorded visually evoked poveutials from che scalp of subjeces perfovalng 4 vigllaes
li tawk, Fluahew of light were presented to the subjects, who were dnstructed to press a level whenever a din
i flash (critical stimuluy) cccurred. As dataction efficlency dlwelolshud over tlme, the agplitude of averagad
{ evoksd potentials to uon-algnal stimull decreased and Latency ineveased.  Brdef {lactuat oo L vigflanes
performance (zttentiveness) duriug the course of the task sluwo were accowpanfed by corresponding changes In
evoked potantial amplltude to non-signal stimuli.  Averaged evoked potentials to miwsed v nou-detectad
B stinull were of lower awplltude than those to detected crltical stimull, This last fluding wan present
by during both eavly and late singes of the task, and therefore, was not dependent on the overall decline In
: vigllance performuncs,

Sl

1 .
} spoug ot al, (22) predented c¢llick and flash svinmull altegnately to huwan nubjects vho were lnstructed 1
9 to raluctively attend to etiwall of vuly one of the two modes, Stimull of the non-attendad--te wmode were of ‘ 4
vonatant intensity, whila an occasionul weak futensity atimulus wae presented lu the atteud--tv mode. The X .
b subjacts were to detect tha weakexr, or critical stfwull, MNawpouses to flashas recorded frow tha ocelpical o
L acan ware largey whan attention way directed toward visual swtiwull, and responsen to elick stimuil recordsd 4
{ from the temporal area were largor when attention was directed coward auditory stiwull, Gimllar tludings a %
P are peported by Morcvds (/2), who aluo presentad click and flash stimull, aund Satterfield (773) who presented :
. auditoxry and tactile stimuli. Uslng « tawk awsured to requlre a high degree ol attention, Davis (20) found

auditory avoked potentials to ba enhanced in pmplitude by Luntxucting the listener to wake a ddfticult audi-
\ tery diveriuination.

N Sunanry

{ Cuvrent researci efforts are being divected at diffarer . fating the effects or general acovoal aud of

%. spacific uttention ou the sveramged avoked response, Using sluple but lugeninus axpsarimental designs, Lasoun
and his aesoclates (74,75,76) have found the evoked response to be related to both genexal arousal and
wpecific sttention. The combined effacts of incressing or decressing avousal and shifvs fn attention towscd
or away from tho evoking stimulus detaimiue the overall nat change in wvoked yedponse smplitude.  Siwllar

uffuvta)iuvulviug the auditory modality have been  conducted by Pleton and Hitlyard (77) and Wilkinson and y
Lea (78). )
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The mechanism responsible for the gating of signi/icant and nonsignificant stimul. hae yat to be satis-
factorily defined. While a conservative position, the isasarch which has beern discussed senms to indicaze
that sensory gating can occur at several points in the sensory patlway, includirg (e) pericharal to the sen-
sory receptor, (b) at the sensory roceptor, and (c) ar rynaptic junctions of the sensory (ibers,

Tha theory of affarent neuronal inhibition is the most complete theory attesmpting to explai: habituation
and au,pression of the evokad potential. The reticular formation is considered to control sensory input by
means of efferant fibers which inhlbit input at sensory synapses, Of the three reported types of gating
listed, this explanation is the wost parsimonious. But, it cannot be denied that evoked potantial suppres-
sion at the receptor, and functional changes of peripheral sensory structures have alsc becen oboerved to
accompany repetitive atimulation. Certainly, the reticular formation participates in the gating of sensory
input. Idewlly, it rvaceives information from all sensory inputs, as would be axpectad of a sensory-gating
~achanism. The fact that direct stimulation of the reticular formation yields cortica) activation and an

rr. organiem, while stimultaneously suppressing input from ongoing stimulation, also makes this “structure"
« candidate for playing some role in the gating of sensory input.

But., 1t is likely that higher central nervous system structures are also involved in the gating process.
While offering some methological problems, studies which ut{lize stimuli of a more comple: nature than tlose
used in most nf the studies discussed above may raveal this to be the¢ case. In tie study of visual input,
for irsiance, tachistoscopic presantation of such stimuli would still allow the researcher to trace the
sensory input in the form of the evomed potential. Many of the studies upon which afferent neuronal inhibi-
tion is founded should be replicated, thereby taking advantage of recently developed instrumentation. The
data obtainea from these naver devices are not only wore reliasble, but are more readily available to quantl-
fication and statistical! analysis. Unfortunately, in many of the studies discussed in this paper, only a
visual analysis vas performed on the data.

The human subject, while offering only evoked potential data recovded from the scalp, is unique in the !
wtudy of attention, Stimuli can gain significarce \’r uonaignificance) for the human subject simply through
sppropriate instructions, Thus, a type of control is achieved which is not readily available when using
non-human gubjectn, Of course, only through the collection and analysis of cowparative data, both behavioral
and neurophysiological, will the physiological mechanisuws of attention come to be understood.

PART IIIl

DIET AND PILOT ALERTNESS

The relationship between diet and the behavior of man has been ghown to be both direct and indirect,
multifactorial and highly complex. In considering the breadth of this relationship, one must consider the
impact of deficiencies or excesses of more than forty haown nutrients required by the body, the frequency ‘
with which these rutrients are consumed, the overa.. balance of nutrients, and the impact of wmany environ- :
mental fantors which can effect the utiiization ratecs of these nutrients., Adding to the complexity of the
problem is the ability to measure those physiological and psychological parameters which contribute to coor-
dinated organized goal-directed behevior which inclides as a major compunent, alertness. For the purpose
of this discussion, only four areas of consideration will be discussed; (L) short-term nutrient deprivation,
(2) long-term nutrieat restriction, (J) diets deficient in one or tore nutrients, and (4) diets lacking
apprepriate nutrient balance.

Short-Term Nutrient Deprivation

When an individual fails to consume food for periods longer than six to eight hours, his eneryr meta-
bolism reverts almost entirely to body .tores to carpy on body functions and work. Absorption of nutrients
from the gastrointestinal tract becomes insignificanu at this point in time. Under circumstances where the
individual is asrleep or at complete rest and fasting for six to eight hours, the budy storen of carbohydraces
a8 well ae blood glucose levels remain stable. If on the other hand the individual is engaged in moderate
to high activity, this level will be substantially reduced. Since the central nervous system uses blood
glucose almost exclusively for fuel (79), it would be anficipated that this system would be adversely
affected during total nutrient deprivation. Thia hypothesis is supported by an increase in the occurrence
of hypoglycemia in fasting individuals performing moderate activity (80,81). An attempt to demoustrate
hypoglycemia in flying personnel who did not eat breakfast vas unsuccessful as reported by Robbins et al.
(82). Brozek (83,84) has reported that deterioration in both courdination and speed of movements weie
experienced during four days of acute srarvation whercas strength measuren nts remained essentially unchanged
Iu astudies by Xing et al. (85) it was showm that cortico-retinal function and psychomotor functions were
significantly reduced in subjects haviung no breakfast aud exposed to an altitude of 15,000 feet, whereas
subjects huving a high carbohydrates hreskfast snd exposed to the same altitude showed no impairwent.

First we must ask, how relevant is nutrient deprivation to flying operations? Our observation of flying
personnel throughout recent years haz convinced us that nutrient deprivation is relatively frequeant. In
some aircroft eystems, particularly hign altitude and fighter bomber aircraft, food systems are entirely
make-shift despite 10 and 12 hour mission profiles. Pilote flying these aircraft have confided that fre- ‘
quently they do not eat up to 12 hours preflight to avoid the aecessity of defecating in flight. Pilots who J
fly transport aircraft also have a probleum in that they are affected by multiple time zone changes. As a b
result, these pil.cs undergo shifts in circadian rhythm and frequently omit meals. The inability to obtain
appealing food may also ccatribute to omitting meals. Frequently, crewmembers fly one leg of a mission and
arrive during the normal breakfast hours of that location, although their biological time ies midday. Rather
than eat a sccond breakfaat, they elect to omit the meal.

Tuttle et al. (86,87,88) have shown thet the omicsion of breakfast causes an increase in choice
reaction time and tremor magnitude and a decrease in maximum work output., Studies by Haggard and Greenberg
{89) have demonstrated that performance as measured by physical efficiencies is lowest prior to breakfas*
and highest one hour after breakfast of day long measurements. The efficlency curves showed a decline each
hour after the high point until lunch was consumed., One hour after lunch, efticiency rose to a high level
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; and then showsd a.decline again throughout the afternoon, However, subsequant studias by other investigstors
have not confirmad thase rnsuits (90).

The implications of thase data are that some performance functions, particularly those involving high
ls vals of central nervous vystem involvement, are adversely affected by nutiiant deprivation. The degres
to which thesa impaired functions are relatad to pilor alertness, howevar, may be conjectural. Tha number
of pllots whu routinely ekip breskfast is also relatively high. Some claim it is a mattar of conveniencs
vhile othera claim they omit breakfast for weight cort ul. The ability of the body to adjust te the omission
of breakfast without incurring any parformance decrement is unknown., However, it sesms cartain that an
indiviJual who routinely eats Lreakfast will show a significant performance decrement if he should omit
breskfast. Another situstion that should be taken intu account is the individual who is crash diating to
meet his waight standard on the occaaion of his annual physical. There are some individuals who literally
stop eating for periods of several daye prior to their annual physical to effect maximum waight loss. The
final consideration is the individual who has consumed significant amounts of alcshol the previous day and
doss not have san apetite for food. Normally, the activity level associated with flying an airplane is not
high, Therefore, the utiliration of blood glucose by muscle tissues would be low and hypoglycemia would nct
bs anticipated. lwever, under circumstances where high speed uaneuvers are required, some individuals may
suffer hypoglycemia (91). Under these conditions, alertness will definitely be effected. Marks (79)
characteriszed the symptoms of acute hypoglycemia as a vague senma of 111 haalth, anxiety, panic, feeling of
unnaturalnass, and detachment frow the environment. These symptoms are accompanied by palpitations, rast-
iessiuss, naussa, or hunger. Objectively, thare is tachycardia, facial flushing, sweating, unsteady gait,
. abnorasl bahavior, and alterations in consciousness. He furiher characterized the symptoms of subacute
B ) hypoglycemia "as a gradually developing sense of lethargy and sommnclence associated with a reduction of
= spontaneous activity, conversation, and movement."

Dahydration is of particular concern in conditions of tutal food deprivation. Most individusls con-
cuma the major portion of their water during mealtime. Food depvivation not only results in a decreass in
baverages consumed, but also water contained in the diet. The average diet contains approximately one liter
of water and resulte in the production and/or release of approximately one half liter of metabolic water,
This quantity of water is equal to approximately one-half of the daily intakc. Consequently, fasting indi-
viduals are frequently slso dehydrated. Adolph et al. (92) have dewonstrated that a loss in body weight
due to dehydration of 1% to 5% can cause impatlence, sleepiness, vnd anorcxia among other symptoms. It is
obvious that alertness of such an individual will be impaired.

Lung-Term Nutrient Restriction

In defining long-term nutrient restriction, it is implied that the diet may be of optimum balance of
nutrients but insufficient in quantity. Consequently, this discussion will be limited to situations where
the individual will consume insufficient calories to meet his bcJy's need for growth, maintenance, and work.
Under these conditions, the body storeas of enexgy which are essentially fat and protein will be consumad for
fuel, Such dictary practices have been seen among pilots living in combat zones during the Vi tman War,

It was common to observe weight losses of 20 to 30 pounds among individusls who were within current weight
standaxds at the time of their assignment. Occaalonally, pilots who are significantly overweight, undertake
a long~term weight reduction program and loge as much as 20 or 30 pounds of weight. Significent reduction

. is alsu common among individuals assigaed to extremely hot or extrsmely cold environments. Finally, indi-
S | vidualy forced to live under long-tarm survival conditions frequently undergo the extremes in nutritional
daprivation. In all these situations, & negative calorie balance exlsts which frequently results in signi-
. ficant nagative nitrogen bslance as well.

Research on changes in body compusition associated with even short-term nutrient restrictions has
L shown a loss of body lean mass in conjunction with body fat mars., These data further indicate that in
nutrient restriction, losses of les: are wore significant in individuals having a lower percentage of body
fat.

In recent years tiwre has been intense intevest in the relationship between long-term nutrient restric-
) tion and behavior. Exiensive animal rorearch has been coaducted to determine the input of nutritional depri-
. vation at various periods of infancy on growth processes (93,94,95,96).

p Some research has been accomplished to define the fmwpact of long~term nutrisut restriction on mental

s performance of adult humans. Brozek (83) has reported that prolonged calorie restriction caused & signi-

ficant loss in strength but cnly smali decrements in eye-hand coordination and speed of movement. Rogers

et al. (97) veports that there was substantial loss in work performance during studies in extreme cold where

nutrient restriction was also a factor. This investigator attributes this loss of performance to a combin-

ation of factovs including dehydration, hypovoiemia, hypoglycemia, ketosis and scidosiz, Rogers points out

that a significant adjustment occurs in the individual's condition after the third or fourth day and all of

the above biochemical observations make an adjustment toward normality, Du.ing these three to four day

% periods, the individual is depresoed, shows signas of anxiety and shows other psycinological changes. This

) research shows that a diet high fn carbohydrates wersus protein and fat provides significant improvement from
both the biochemical and psychological changes.

<. 5 There 18 an abundance of research dealing with the effects of long-term nutrient restriction on physical
5 ) performance (98,99,100,101). In all these studies, performance was significantly reduced and the reduction

& was dapendent on the level of restriction and the length of time the restriction was imposed. Unfortunately,
most of these studies did not incorporate measurements of psychomotor behavior. It appears, however, that
psychomotor behavior is less effected by long~term nutrient restriction than physical performance, particu-
larly if a major portion of the calories consumed are carbohydrates.

Diets Deficient in One or More Nutrients

The relationahip betwesn dietary deficiencies and alertness has received only limited investigation.
Some inferences can be drawn, however, from data obtained from more general research on the roles of individ-
ual nutrients in the body. 1In considering the vitamins, a majority of these biochemical compounds form
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orecific co-ensymes nesded in various chemical processes. Although thare are probably requireisats for aach
4+ the vitanins in nerve tissue, a few appear to play & critical rols. Vitemin A, cicotinic acid, vitemin
B12 sad thimmime have besm directly linked with central nervous system disorders created by deficiemcy staies,
Of thane, only thismine shows amy significant impact on tha ceutral nervous system at marginal lsvels of
daficienciss. The central nervous system disorders associated vith the other vitsming occur at the very
advancad stages of deficiency and as such sre ouly sacondary to tha individual's ovarall ability to parform.
In the case of thimmine, however, minor degress of deficiency cause listlessness, spprehencion, snorexis smd
fatigue. Thess symptoms have been demonstrated within ons week after individuals ware placed on &« thissime
free dist (102). Bafore laoaving the discussions on vitamins, it should be noted that some deficieucy «ffects
on othar body systems may also alter alertnass., Por axasgple, night blindnews is an sarly symptom of vitamin
A deficiency. BSimilarly, lesions of the sye are caused by riboflavin deficiency. It is obvious that visual
inpairmsnt will datract from genaral alertnass.

In the area of minaral metabolism, thare are several deficiencies which affect the central nervous sys-
tem. Animal studies have shown that a severs deficiency of calcium can cause a condition caliled tetamy which
is a hyper-irritability of the ~suromuscular system. Animal atudies also show that a long-term daficisncy
of potassium will reqult in a similar condition. Iron deficiency is known to cause acuts deprassion of
hemoglobin production and subsequent anemia. Long before snemia ic apparsnt, however, individuals vith low
serum iron lavuls becose listiessness, feel fatigus and cannot concentrate. Deficienciss of copper in aniwmsls
have been shown to produce s loss of coordination sad behavioral disturbances (103). If sllowed to progress,
lesivns form in the central nervous system and tha snimal becomss paralyzed. A nev elemsnt to recognise as
a nutrient is zinc. Recent studies in humsns show thut zinc deficiencies result in both taste and smsll
impairment (104). In snimal studies, zinc has been linked to lsarning behavior (105). Lsboratory smimals
born from sinc deficient wothers have a decided impairment of learning ability which is overcoms with =zinc
supplemsntation to the diet. The impact of protein deficiencies on the bahavior snd learuing sbility of
children are well known., In diets which have insufficient calories to mset the body's needs, protein is
used for fusl snd part of the observed effacts are caused by protein deficieucy. Despite adequaie calorie
intake, inadequats amounts or inferior quality of protein in the diat can also result in impairment of body
matabolisa, Children who have a simple proteia deficiency shw a learning disability in aldition to retarded
growth and other body alterations. In adults whure growth is not a factor, behavior changes are still evident
with protein deficiency. Individuals are easily fatiguad, becoms listless, and find it difficult to comcen-
trata, Frequantly, there is a feeling of hopelassness and aggressive behavior becomss common.

In genaral, behavinral rlianges caused by nutrient daficiencies are quite similar. Listlaseness, fstigus,
an inability to concentrate, and fraquently aggrsssive bshavior. All of these conditions would have an impact
ou alertness. The probsbility of such nutrient daficiencies occurring, for the most part, sesm velatively
remote. There sppesrs to be, howsver, an incresse in the incidence of some daficiencies such as iron, and
thiamine, Perhaps this apparent increase may be associated with the changing food habits of the population.
If so, an incresse in incidents can be expected in the future.

Diets with Inappropriate Nutrient Balance

Nutrient balance is both indicated and implied witlin the Racommsnded Dietary Allowances sstablished
by the National Academy of Sciences of the United States. In terms of the recowmendations for enaxgy ths
lavels of fats, proteins, and carbohydrates, which make up nearly all of man's energy intaks, have bean
specified. The impact of wuusually high levels of any one of these sources of energy has been discussed as
part of the overall ratinnal for establishing the particular level. Diats too high in fat and low in carbo-
hydrate can cause the formation of high levels of ketones in the body. An individuals with this conditiom,
becomes very irritable, restless and easily deprcssed. Essentially this condition is the same as saen for
s individual undergoing short-term nutrient deprivation. Diets abnormally high in simple carbohydratus can
in sowe individuals cause high blood glucose levels. In counteracting this hyperglycemia, hyper-~reactive
individuals release unusual mmounts of insulin and exhibit transient hypoglycemia.

Aside from the need to balance the energy sources in the diei, uther nutrients =u3t alzc be in balance
to sffect a high level of body productivity. The levels of sodiua and potassium should be contained within
specified ratios and limits, The lack of compliance will result in the depletion of the lasser cation from
the body and thersby cause dramatic effects on the body biocheristry and physiology. Calcium and phosphorus
must be within an appropriate balance or depletion of tha hody stores of the lessser mineral will alsc occur.

Siwilsr balances sre necessary hetwaen copper and molybdenur, iron aud copper, iron and zine, zinc and
copper and many more (103). Fortunately most food sources throughout the world have an appropriate balance
of these minerals., However, imbalances have cccurred from indiscriminate addition or rumoval of these nutri-
ents through processing. In slmost every case, the physiclogical impairment which results will eventually
have an effact on alertness. Once again the incidence of occurrence for mcst of these imbalances appears to
be very low, On the other hand, the trend in eating habite of most American male adults hse besan cited as the
cause of carly degenerate bone disease. Many male adults have adopted & diet high in animal protein and
starch foods while eliminating consumption of green vegetablas, fruits and dairy products. Such diets can
exceed a calcium to phosphorus ratio in excess of 1:2.5, which has been shown to cause & loss of calcium
from the body. This process is slow, but long-term calcium depletion results in raduced bone strength and
in some cases bone reabsorptinn. Nerve damage is frequent when such changes occur in the bones of the
vertebrae.

PART 1V

Physlologic Aspects

As has been stated sarlier, attention is a major componant of flying performance. A decrement in atten-
tion carries with it more general performance decrenent. Fatigue, acute in particular, nas a marked effect
on attention. Endocrine-metsolic assessmants are directed toward fatigue sffects in genercl rather than
attention specifically.
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The body of knowledge om the physiology of acute skill fatigus has advanced comsiderably in the past
decade. Ourreatly, s basic concept holds that, in parsons who have trained to the poimt of high proficisncy
omn & givem operatiomal task, perforuemce decremsnt teuds to be late in ousat, sppareantly having bean preaveanted
by msams of & complex physiclogic adjustmeat which teads to be early in omset and persistemc. This physio-
logic response involwes meuroendocrine as well as watabolic systams, The componant respouses hawe recaived
considershble study, but the total (aggregste) respomse remains to be fully characterized and properly evalu-
ated. Beview articles by Teichmar (106) and Frankenhessuser (107) are pertinent, for they deal with bahavior-
andocrine imtervelationships.

Teichmsr (106), iz a veview of behavioral/physiclogic stress relationships, gives spacific considaration
to attentiom. Im his smalysis, the physiology is focusad ou the role played by the reticular formation, tha
limbic systes in general sad the hypothalamus specifically, in establishine a given level of cortical excit-
ation. The facilitative function of the reticular formation recults in a genaral alerting function. The
inhibitory function resul.a in filtering. Together, they result in "cortical tuning", and this tuning
includes a state of attention. As activetion increases, tuning increases, and selective attention becowas
moxe pronounced vp to a point.

On the behavioral side, Teichner puts considerabls emphasis on the "bend-width' of attention in relation
Lo tusk cowplexity, and on the effact of long term memory in interacting with activating mechanisas; these
two factors (band width and long term memory) act together st the behaviorsl lewel to produce a given state
of sttention.

Teichner puts the "internal biological world" at some distance from the primary loops descvibed abovs;
wa, vith our stronger physiclogic oriemtation, would probsbly show the intemmal biologic state as a aignifi-
cant component of activating mschanisms inherant in attention.

Frankenhsuser (107) revisws tha relationship betwesn catecholamines and brosdly definad behavioral
states. ler roview can be dividad into affacts ssen with infused epinephrine and effects with secreted
apinephrine. S5hs reports that emsll doses of epinephrine infused intravencusly cause both behavioral arousal
(hbeightesed actention) and EEG arousal, Excretion levels are low in subjects st rest or recumbent; under
strvse, lsvels can reach 3-5 times the resting lavel. Epinecphzrine infusious produce effacts described as
eicited, regtless, tenss. or fearful, Improved parformance is rsported with infused epinephrine. There is
also a significant increass in epinephrine from both cverstimulation (high work) and understimulation (vigi-
lance tasks), Howevar, some studies have shown the greatest increase with the high stimulation situation.

With regard to secreted epinephrine, different subjects show different output. Studies show the output
of epinephrine where the arousal lavel is moderate or low is positively ralated to cfficiency. A rise in
epinsphrine secretion maiches roughly the subjective stress reactions. Subjects who secrete more spinephrine
tund to perform batter under lov and moderate stimulation but mors poorly under high stimulatior. This
supports the well known invertaed U hypothesis, which applias to secretion and infusion affects equally.
Epinephrine effects are not just tha emsrgency "fight or flight" reaction. It also applies to normal people
cvesponding to every day stresves, including both cognitive aud emotional.

Barchas, at al., (108) supports Frankenhauser's conclusions regarding e¢pinephrine effects and zlso
review the bahavioral effects of norepinephrine. In general, thare are no clear~cut effects.

Axslsson (109) presenis &n extensive review of catacholamine functions., He considers norepinephrine as
a neural transmitter. The statoment is made that "in their function as natural transsitters of informationm,
the catecholamines may be charactesized ae efther blood~borne or neural transmitters.” The same agent may
produce diffarent sffects depending on vhethar it is released from the sympathetic nerve endings or reaches
the effector by the bluood stream,

Davidson and Levine (110) review the effects of the pituitary-adrenal system on behavior., They state
that evidence is accumulating which increasingly implicates the pituiltary-adrenal syatem as an important
modulat.r of behavior. Studies have indicated that this system is involved in sensation and perception,
habituation, learning, and extinction, as vell as aggressive behavior. Cortisol significantly increased
isolation-induced aggression in both young and old mice, whereas dexamethasone enhanced isovlation-induced
zggression in mature snimals. ACTH reduced it. In shock-induced aggression there was suppression of ACTH
release following fighting when compared with rats that vere shocked without fighting. Adrenal responsive-
ness to ACTH was related to the dominance structure., Although ACTH response leavels of individuals remsined
relatively constant, there was a three to tenfold difference between the lowest response to ACTH (which was
in the dominant male) and the highest reeéponse (which was in the most subordinate female cagemate). The
response levels to ACTH, however, could be altered vhen the social stress was changed by transferring sub-
dominant animals to individual cages or removing the dominant males. Conversely, removal of .he most sub-
ordinat+ cagemate resulted in elevation of ACTH response of the remaining subordinates. Levine reported
that more highly aggressive monkeys showed a greater increase in urinary 17-OHCS in response to shock than
did the least aggressive ones. It ia, of course, conceivable that the pituitary-adrenal system has little
or no direct connection with aggressive behavior but may be related only to the level of arousal which is
reflected in changes in pituitary-adrenal activity.

DeWied, et al, (111), see especially pages 157-252, chaired a special symposium on pituitary and
adreual effects on behavior. Weijene and Slangen (112) and Bohus (113) showed that ACTH delayed extinc-
tion of the avoidance response. ACTH had a similar effect in adrenalectomized animals. The adrenals them-
selves apprared not to play a significant role in the maintenance of a conditioned avoidance response vhen
the electric shock was no longer present. Many studies have indicated the effects of ACTH and adrenocor-
tical hormones on condltioned behavior. There are clearly demonstrable irdependent actions of ACTH aad
steroicde on bchavior with regard to the extincticn of an avoidance response., ACTH can apparently inhibit
axtinction; glucocorticuids appear to facilitate extinction independent of their action on ACTH secretion.
The threshold for the response to ineucapable electric shock was subnormal after hypophyscctomy. ACTH did
not facilitate the acquisition of an avoidance response when the electric shock intensity was high, but it
did do so whan the shock intensity was moderate. Investigators concluded that the action of ACTH on the
acquisition of avoidance conditiouing is clearly extra-adrenal, and ACTH im not esmential to normal perfor-
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mance when the intensity of fear-inducing stimulus is sufficiently high. Glucocorticoids sct on saveral
limbic, dismcephalic, smd mesencephalic regiona, Implants of cortisol into the medial tialamus, saterior
hypothalamus, rostral :eptum, or amygdala ail facilitated the extinction of a conditioned avoidanca responsa.
There mow exists much evidence indicating influence of hormeones on CNS processes. We are still uusble to
postulate amy specific machanisms concerning tha actions of hormones on the brain.

O‘Hanlon (114) reports a study on the relationship batween performance on - visual vigilsnce task and
serva «plnephrine amd norepinephrine concentrations, He ties the ascending reticular activiating system
(ARAS) , cortical srousal, autonomic acousal and vigilance efficlency together. The study showr< rhat vigi-
lance ducresant was parallieled by a drop in circulating epinephrine, but not in circulating norepinephrine.

Sc Aarverg (115) raviewed the literature on alesp and neurcendocrine mechanisms. Tha search ror an ana-
tomical substrace for the maintenance of cunsciousnecs and of various stages of sleep or wakefulness has only
réveaslad more and more complerity. Much interest has been placed on the nucleus reticularis, pontis caudalis,
and the bssal forshrain. local spplication of small amounts of scetylcholine to the wmadial preoptic cegion,
the intarpeduncular nucleus, and the medial midbrain tegmentum elicited sleep, but the ssame substance pro-
duced arousal when applied to tha wasencephalic tegmentum. The application of norepinephrine to the madial
precptic ragion was followed by increasing alertneus and by motor hyperactivity. Sowe authorities claim
that there is an adrenergic system in the brainstem respounsible for arcusal and desynchronization and a
choiinergic system for synchronized pattern racorded in deep slaep.

During the past decade tha USAF School of Aarospace Medicine has conducted, under sither field or
laboratory conditions, an extensive series of studies of human responses to flight. The working hypothasis
has baen that flying operations act in ths manner of stressors, eliciting interrelated endocrine-wetabolic
rasponses which are compensatory in nature, tending to maintain a state of physiologic balance (homeostasis).
A battery of urinary detearminations has besn used to arsess the physiologic cost in a wide variety of cir-
cumstances, including flying opsrations of va, ious typas and durations which took place at various times
of day and utiliszed a variety of aircraft. Stutistical evaluation consistently indicated elevation in
physiologic “cost" which appaiently related to typs of aircraft, flight complexity, flight duration, time
of day, crew position, and anticipatory stress (116,117,118,119,120,121,122).

Nypoxia, one of the more common stressors in aviation, probably has been more throughly studied than
any other atressor. The overall response of humans to acute exposure has been fairly well delineated into
taveral spacific and non-specific responses. Changss in alertness, arcusal, and vigllance are apparent with
resonably minimal degrees of hypoxia. The spacific effects of oxygen deprivation include compensation
in cardiovascular function (e.g., tachycardia and increased heart stroke volume), respiration (e.g., hyper-
pnaa and hypocapnia), and hormonal change (e.g., decressed release of antidiuretic hormone leading to
polyuris). Some dary resp result from these compensatory changes. One of these is respiratory
alkalosis which in turn leads to increased excretion rates of bicarbonate and chloride (which displaces
phoephate) ions, and of sodium and particularly potassium ions to neutralize the anions; as a consaquence,
the urine becomss alkaline. Additionally, thare ars non-spacific responses vhich are quite widespresad,
involving neuromndocrine, adrenocortical and matabolic systems. A slight shift toward anasrobic msatabolism
may occur. The elevated creatine excretion may represent this type of change. Changes in the blood supply
to the haad lead to decreased visual acuity, decreased performance, and diminished alertness on most tasks,
and m0od changes. When the high lavel of syspathetic nervous system activity is overcompensated by the
ensuing parasympathetic activation (i.e., the vasovagal ayndrome), distress results. This may range in
intensity from a simple haadache to syncope; but apparsntly regardless of its severity, one result is a
realease of antidiuretic hormcne. This in tumrn results in oliguria and a specific decreass in sodium excre-
tion, Superimposed on the specific controlled hypoxia stimulus is the ambiguous emotional one-~idiosyn-
cratic, proteza, snd difficult to control. The latter not only varies in quantity, but mora importantly
in quality (e.g., the axperimental situstion may maks some individuals anxious, others fearful, others
angry, and some spathetic). Likewise, some persons will enter the experiment highly motivated and in an
alert stats, but others will not be motivated and/or may be lethargic. These emotional concomitants compli-
cate tremsndously an sxperiment designed to alucidate specific affects of & given stressor,

Particulsrly relevant are the findings of Froberg, et al. (123). Thess investigators, in a study of
circadian variation in psychomotor performance, subjective fatigue, and catecholamine excretion during pro-
longed slaap deprivation, fouad that epinephrine axcretion was positively correlated with peiformance and
nagstively correlated with subjective fatigue and that the raverse relaiions existed for norepinephrine,
Whan adjustwents were mads for catecholamine excretion lags, the iutercurrelations with performance and
with subjective fatigus wers even stronger. Frankenhasusar, et al. (124) found a positive relationship
betwean spinephrine raleese rate and performance efficiency in situations characterized by monotony and
wmder-stimulation, noting also that objective performance and subjective reactions differed greatly in per-
sons who wvers differentiated on the basis of epinephrine output., Specifically, high catecholamine output
was associated with high pexformance efficiency,

Corticostaroid measures ars ancthear significant part of the USAFSAM battery. In studias conducted in
this laboratory (125), in which psychomotor performance was avaluated during 36- or 48-hour simulated
flights, subjects who alternately worked and restad at 2-hour intervals showed normsl circadian shifting in
urinary 17-0HCS for 24 hours, with elevations in 17-0HCS output occurring subsequently. This study showad
also that environmsntal factors inteusified the adrenocortical response to the imposed work, but did not
adversely affect psychomotor performance itself. The iucreased adrenocortical activity is, therefors,
desmed compensstory, contributing to the maintenance of psychomotor proficisncy. In the present study, on
the basis of nocturnal values, we found evidence of a progressive dacline in epinephrine output and a con-
comitant progressive gain in 17-OHCS output, Evidently, as bodily reserves at one physiological level tend
to decline, an inroad vas gradually made on a secondary reserve.

Tha findings were couclusive, consistently indicating elevated physiologic cost in association with pro-
longed psychomotor affort and sleep deprivatiou. The observed responses were complex, sach having identifi-
sble (and resolvable) components. The eavironmental factora under study, when acting singly, exerted modi-
fying influence on one or more of the flight-sensitive physiologic functions: ajtitude tcaded to reinforxce
and dryness ten-ed to counteract responses to simulated flight., In combination, these tended to be mutually
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intarfering fectors, camcelimg each othar's imflusmce aither partislly or totally. We cem only speculate on
the functiemal site or sites at which the dissimilar factors of flight, altitude, and drynass intaract.

y act some fimal common pathway or mechanism. An wmusual cype of intersction was
chosrved, t of depreseiom which stemmsd from factor combination. In these instances, ona of tha factors
wed hed stimulatory influsaos when applied separately. This typs interaction, which ie reminiscent of occlu~
sion in a reflex arc, has beea chbserved previously in multifactor stress. Grether, et al. (126), found chat
the cembined factors of emvirommental heat, noise, and vibration tended to be lass disturbing physiologically
und to have less influsace om performamce than did certain of tha separate factors,

Tha altitude lavel wsed in this study (8,000 ft) is commonly used in pressurized aircraft, but it is
not optimal D'Amgslo (127) in 10-hour exposures to this pressure altitude, found a variety of psychologic
changts (inc.wding wubjeactive fatigue vh.t:rpcr-utod mttt the next day) lioug with respiratory uikdo- [
and hypophosphaturia. McFarland (128) demonutratsd memory decremsnt at this particular pressure altitude.
Kallmas wnd Crow (129) found other evidence of impaired mentsl performamce., Pincus and Hoagland (1.30)
reported incresses in urinary totsl 17-K8 output.

Sleep deprivation hss been shown to affact andocrine and metabolic functions, Forica, et al., (131)
considered the continued physical activity, rathar than tha lack of slesp to be instrumental. Scrimshaw,
et al. (132) who studied urinary sodium, potassium, aud nonprotein nitrogen in ralstion to sleep loss,
noted depressios on the first day and elevation on the second day. Rubin, et &l, (133) who reviewed
the literaturs om the effects of slesp deprivation on urinary 17-0HCS and 17-KS, mentioned what appearsd to
be contredictory vesults in the earliar studias. Later studies, however, showed that thers could be a
biphasic response, that of an initial decline and s sscoundary rise. The biphasic responss vas observed in
ths presamt investigation (second macillary experiment), but it was limited to the wodel, 17-OHCS, Msny of
tha results obearved in the first sacillary experiment may seem bizarre, but thess in reality may represent
phasic differentiation, with cartain of tha katostaroida reasponding resdily to the stressor complaxas and
adysncing to ths se phase vhile the less sensitive ones were retarded. Deaynchronization of closely
related physiologic functions, therefore, seems to be a useful critarion of stress, Intermal disgociation
of tims-depsndent physiologic activities is an aspect currently emphasized by chroncbioclogists,

Knowledge of the l7-katostaroids response to aither simulated or actual flights goas back to 1943, when
Pincus snd Hoagland (130) discovered that (a) subjects who had the higheat psrformauce scores in the
finsl half of 6-hour simulatad flights alsc had the lowest 17-KS outputs, (b) performance decremsut vas
hastened when pre.sure altitude was merely 5,000 ft, (c) crewmsmbers of military aircraft (incliuding instruc-
tor pilots) showed flight-relatad increases fa total 17-xs output during é-hour low-altitude flights in
uapressurized aircraft and (d) the fatigus level (the rank order of which was established by the Squesdron
Ccamsnder) correlated positivaly with 17-KS output.

Specific findings in this study deserve emphasis. Certain featurses of this study marit commant. The
study clearly shows that a common cabin altituds (8,000 ft) is not as benign as it sppears. Thare is physio~
logic cost which relates ro aitituds, and soms of tha physiologic effects persist after rest. Also of inter-
est is the finding of “internal dissocistion," certain of the physiologic functions gradually undergoing
differential phutc shifting. This desynchronization may ba a fundamental stress effect, and the variations
in phacic changes may account for conflicting reports in tha literaturs, The physiologic instability is
indicated by cartain of the fundawental stress effects. On the basis of the present data, full recovery

agpears to xequire more time than that needed to induce the stress. Multiple stressors may have antasgonistic
affects leading to partial cancellation of the stresss changes in the more sensitive msasures; hence we may

be underestimating the total potemtial cost. This may partly explain the relatively long recovery tims.
Finally, the utility of flight simulation as an affective alternative to field studies is strongly suggested
by the data in this study.

Time~zons entrainmant and its interaction with flight stress is an area of special interast. Hale,

et al. (136) address tha problem directly with special analysis of flight stress data. Thay emphasize

long standing stress concapts and principles and to current concepts of neuroendocrine ragulation of environ-
ezutally influanced physiological functions. Guidance was obtainad from reviews of the literature on human
circadian rhythms as vell as reviews of the iiterature on flight stress and fatigue. Although circadian
variation in psychomotor capability has been wecll documented, the temporal variability in flight stress
responses has not been studied extensively. Our results in general agree with thrse of Gerritzen et al.
(137) who noted concomitant flight stress responses and entrainment effects in men (non-aircrew wembers)
who collected serial urine specimens before, during and after a single prolonged westward flight (Amsterdam
to Alaska). Sodium, potassium, the K/Ns ratio, ures, 17-ketogenic steroids and V.M.S. (catecholamine end-
product) all indicated entrainment-stressor interplay. As in the present case augmented responsiveness
appsared early in the flight and again towaxd the snd of the fiight (end-spurt phenomenon). Of intersst is
tha finding of a sharp incriase in the K/Na quotient which began at 1700 hours and persisted through the
psriod norsally used for sleep. There is a concordant finding in the present study for the reciprocal

ratio (Na/K) showed a fall, Lafontaine et al. (138) also demonstrated entrainment-stressor interplay during
a single, bi-directional tranemaridian flight. Their curves for urinary potassium and 17-OHCS deviated from
baseline curves, indicating within-day variability in responsiveness to flight stressors. Specifically, as
in the present composite fiight. potassium indicated lli'{t hypersensitivity at the start of the flight,
while 17-OMCS did not. Extensive exploration of the sffects of transsaridian flights (which included lay-
over periods of variable duration in unaccustowed tiue zones) has bean accomplished by Klein et sl. (139),
Wegmann et al. (140), and Bruener et al, (141). These incdustrious investigators have settled numerous
usstions sbout the effects of '"time displacements' on htiguﬂ, psychomotor performance, various physio-
ogic functiocns and various types of tolerance. Particulaxly pertinant is the report that there is cir-
cadian variability in psychologic and physiologic responsiveness to standard stress which appears to relate
to adrenocorticel respon‘ ivenass., Adrenocortical responsiveness, in turn, is traceable (via the anterior
pituitary and hypothalmus) to the reticular formation.

Other workers (134,135) have alsc pursued the relationship betwsen Lehavioral and physiologic changes.
Auffret (142) examined tha relationship between subjuctive fatigue and a number of physiologic measures.
Rasults of a physiological evaluation of the affects of long flights (24 hours) on the crews of DC 7 aircraft

specially equippad to receive telemstering transmissionc from ballistic missiles and to monitor their landing
ware as follows. Changes occurred in heart rate, urinary l7-ketosteroids, the urinary mucoproteins, the

urinary catacholamines, snd glycemia. Subjective impressions of fatigue raported by the crev wmambers are
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confirued by the recorded biological data.

R Cclquboun aod Goldnen (143) examined vigilance under induced hypothermia. The axpariment (rscribed 3
i VAS 8flmmiecdd by a study by Wilkinson et al, (l44), wbo found that detsction rate in a auditory vigilanca £
K task lacressed as body tempersture was raised. In the experiment, the subjects parformed for 60 minutes,
: and the tusk vas a virual rather tisn ao auditory ous, Elevation of temperature was achieved by physical by’
3 work in hot and humid conditions. Besults of the expsrimsnt, vhen cousidared togather with thosa of ‘
g Vilkinson st al., suggest that it is only wheu actual body temrparature increases that parformance in a

vigilance task will noticesbly alter in hot snvironsental comditions ond, furtharmora, tha exter: of this

increase must ba conaiderable hefore suy such altaration occurs.

Puchinsksia (145) exsmined CNS correlates of resdiness (alartness). It is showm that (1) tha spoken
instruction to ba ready for active movement (clenching of tha fist) upon isminent command and (2) the
preparation of tha hand for passive wovement by placing a specicl plate beueath the paim both produca
senso-wotor-area EEGC changes which are asnaiogous co cheunges produced by the movemant itsslf., Tha FiG vaul-
ations correspond by naturs and location vo propriocaptiva influences. Effects of closed and opavad ayes
during these experiments were also studied. Opening of the syes stimulated the appearance of the rolandic
rhythm. This may be regarded as & result of diminished readiness due to tha switchiug o of visual control.
Proprioceptive influences deprass both alpha and beta rhythms in the sensorimotor reglon.

i3I L o R R

Rahe (146) exsmined biochemicsl correlates of behavior in general., He performed a study of subjects
in stressful vater training. Serum uric scid correlated (high levels with high stress) and with subjective
reports on mocivation, as wall as anticipated stress the day befors. Serum cholasterol coxrelated with
load, saticipatory strsss, and unrleasant affect acores. Serum cortisol showsed no consistent relationships.
Bigh individusl variashility was its primary characteristic.

In summary, sxtensive investigations of the endocrine-wet.sbolic responses to fatiguing military flying
tasks have been conducted in the field snd in laboratory studies. Field resesrch has axsminad the physio-
logic responses to (a) training and routins flights, (b) flights in singls~placa or multi-place aircrafe,
(c) short and long duretiou flights, (d) westward or eastward or bidirectional transocsanic fiights, and .
(e) westward or esstward global flights, to name only a few. Evidence was consistently found of endocrine- . .
metabolic adjustment before, during, snd after flights, but parformance decrement was ganerally not observed. '
Although there was subjective fatigue in the more prolonged flights, it varied cyclically; aud vhen sub-
jective fetigue vas declining, sndocrine-matabolic hyperactivity was svident. Laboratory rasearch bhap pro-
vided supporting evidenca. R 3
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The overall endocrine-astabolic response varies with respect to its character or intensity. In stresstul
(high losd) circumstances ths response tends to be videspresad, involving the sympatho-sdrenomedullary and the
hypothalsmo-hypophyseal~adrenocortical systams as well as various aspects of wetabolisa. In low load situ-
ations, the response may be limited to the mors sensitive componsnts. For sach component, it is possible
to have gradation in responsiveness. The factor of time of day, for example, altera responsiveunass, as,
for example, do differences in crewmembers duties (e.g. aircraft commanders tend to be the most responsive
nzubers of a craw). Amouat of flying experience also contributes to responsiveness. Experience appesars to
increasse sympatho-adrenomedullary responsiveness while reducing adrenocortical respcnsiveness.

PART V
Environaental Aspects

1 Because of tha increasing demand on crews in military sircraft, attempts have basn made to develop | 1

“ snvironmental design criteria. Webb Associates, in their Bioastronautics Dats Book (147), for example, fur- k

E nish the qualitative and quantitative human data believed to be adequate for designing manned systems, B

= Morgan et al. (148) provide a huwman engineering guide which the designer can use to assist him in solving s -

3 design problems as they arise. Woodson and Conover have published a source book (149) designed to help X
develop equipment from the human operator standpoint, thereby improving the resultant man-machine capabili-
ties. Edholm and Bacharach (150) have ccapiled the factors affecting the survival of an individual and his
ability to adapt to changing conditions. Ashe et al. (151) have presented a historical survey of zones of
human comfort and working counditions. Xonecci (152) reported the best environmental conditions for extended g
human performance. Trumbull (153) and Cannon et sl, (154) reviewed extensively the effects of enviroumental ) B,
conditions on humsn performance for both short and long-term periods. Burns et al. (155) provided an over-
viev of the research and concepis associatad with each of the environmental stresses of space flight,

However, generalizations about the effects of various work environment factors are difficult to offer EE
because of many prcblams. For example, Daan and McGlothlen (156) suggest that several relatively miid R ¥
stresses may add up to a total stress far in excess of any one of the single effects. To furthar complicate
matters, Bovard (157) reports that different individuals have different stress thresholds, and that the pre-~
sence of anothar human at the time of a stress will increase both individuals' resistance to the strass.
Balke (158) agrees vith Bovard that man's capacity for stress varies among individuals and within the same
individual. Balke further roports that available experimental evidence indicates that the human organisa has
a great capacity to adapt to exceptional roquirements of a biologic nature. Such findings make painfully
obvious the difficulty of meaningful generalization. Thus, such people as Thomas (159) voice a strong note
of caution in attempting to generalize from existing reports, Thomas examined more than 600 reports on the
- influence of environmental factors on man's systom performsnce. He indicated that information gaps vere so
¢ great that any meaningful generalization would be difficult to establish, and that the widely divergent
. results from spparently cowparable stuides ruled against reaching a reasonable ovarview. Partly with the
v hope that a more resasonable overview may eventually be possible, the following findings and review of poten-

tislly relevant work environment parameters and their relationship to alertness are offered.

Illuminaticn. Webb Associates (147) report that: as the environment becomas davker, cbjccts must be A
- blacker or lighter than their background in order to be seen; at any lavel of luminance, small objects must -
have morz contrast than large objects in order to be seen; and compensating for any aecrease in background
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luminance, size of target object, or conrrast necessitatas an increase in ons or both of the ozher two
factors. Morgan at al. (148) snd Woodson snd Comovex (149) provide background informationm on illumimation
principieas as well as specific lighting recosmendatiocns. The developing of a suitable lighting system neces-
sitates commidaring such factors as: the type of task to be invoived; the spsed and accuracy with which the
task is to be perforusd; the length of tims the task must be continuously performsd; and any poteutial varia-
ticns in the environmental operating conditions. Clare, insufficient contrast, small size, and uneven
lighting of ths work space cuu cause eyestrrin and poor parformance. Although Aitken (160) reported that
sume pllots had complained of inadequate cockpit lighting as a source of frustration and fatigue, sngimeering
developments in lighting systoms seen to have aliminated most of the illumination problems in serospace man-
machine syctems. Despite the occasional aircvew complaints about illumination (as mentionad by Aitkem),
designers have apparantly come closs to taking the human-engineering problems of proper illuaination out of
serospsce systims, since applications-oriented authors, such as Trumbull (153) and Cannon et al, (154), do
not 1i-* {llumination as a problem in discussions of work environments.

Temperature. Woodson and Comover (149) veport that modarataly complex tasks (such as prqblol solving
and aye-hand coordination) are psrformed with normal efficiency in temperatures as high as 85° ¥., however,
mantal activities, alertness, and eye-hand coordination begin to slow down and the percantage of errors
increases. Hooduon and Conover report that the optimum work condition is 65° F., and that physical etiff-
ness of man's extremitias begins at 50° F. They further report that the mors capable and highly motivated
parsons vill ba affected more strongly by temperatures above 85° F. or below 50° F. than will tha lese cap-
able and lews wotivated persons, Temparatures balow 32° P, and above 125° F, Lecome paluful for the individ-
ual whenr the period of exposure is sufficlently loug. Cannon et al. (154) veport that the optimum temper-—
ature for working conditions seems to be about 70° ¥, and that, as conditions vary from this, performance
dacrement can be expactad. Konecci (152) states that the best tempsraturs for sxtendad human performance
is 70° F. with an acceptable deviation of t 10° ¥, Teichner and Wehrkemp (151) studied visual-motor coordin-
ation tasks ovar a range of from 50° to 100° F., and found decresses in alertness and performance at tem-
peratures both higher and lower than 70° P, Bartlett et al. (162) report that when a man has to carry out
a skilled operation and is exposed to heat, he is likely to becoms less efficient within a few sdnutes. They
further report that the extent of a change in performance resulting from an unusually wars envirooment is
proportionally grester if the crew is working under an additional stress which itself causas a pcrtonmc-
decrement. A skilled workar may be able tu compansate for an unusually warm temperature ({.e., 90° F.)
while parforming a routine task, but usually at ths expanse of some othexr feature of his job.

Blockley and Lyman (163) trained pilots to fly a saries of special simulated patterns. Then tha pilota
were required to fly these patterns for 61 min. at 160° F., for 29 min. at 200° F,, and 21 min. «t 235° F.
The performance decrement occurred within the last 5 or 6 minutes of these sxposures, The younger pilots and
the more competent among the oldar pilots showed lesser awounts of performance dacremsnt; and the more com-
plex tasks deteriorated more than the simple ones.

While these facts indicate reasonably adequate agreemsnt with such factors as optimsl working tesper-
atuves, many of the complex interactions--particularly ovaer long periods of time--remain unexplsined. Tem-
perature effects seem to vary for tasks involving: physical dexterity and eye-haud coordination; perception;
the skill level of tha operator; and tha degres or environmental acclimatization achisved by the operator
(164). Kaufman (165) reports that individuals differances in tolerance to thermal streuvs are great and that
further experimentation is sequired tv determine human psxformance capabilities under thermal stress. Bell
and Provins (166) reviewed the litarature on tha effacts of high-temperature environmantal conditions on
human performance, and concluded that thc degree to which difficulty in performing a task rssults from an
uncomfortably warm environment has not been adequately resolved. They also reportad that the data covered
by their reaview ware insufficient for a coupletely satisfactory classification of heat effects. Dean and
McGlothlen (156) studied individual snd intersction effacts of altitude, noise, and tewperaturs and con-
ciuded that relatively mild stresses may sum up to a total stress far in axcess of any one of the single
stresses. They warned against the widespresd practice of estimating the physiologic etfects of the multiple
stresses by assuming that, if each of the single effects wau in the "safe'" region, then the cosbined effect
of the stresses would alsc lie in the safe region; for a groas underestimation of the wmultiple stress offact
could result. Comprehensive coverages of problems associated with temperature are published by Handler
(164), Webb (167), Newburg (168), Burton and Edholm (169), and Winalow (170).

Humidity. Tha problem of humidity appears to have been siighted in human factors research on the aero-
spacs envircamental systems, Woodson and Conover (149), for example, dismiss the problem with the statement
that "humidities between 30 and 70 percent have baun found comfortable by most peopi.”’ ( -=ch. 2, p. 226).
Dean and McGlothlen (156) used a one-man multiple-stress chamber caprile of simulating altitude from ses
level to 65,000 ft., of establishing a chumber temparature from 459 tc 400° F., of providing from 70 to 140
dB of white noise, and of providing a relative humidity from zero to 100X. In all their studies of cingle
and multiple effects of snvironmental stresses, thay kept the relative humidity at 50X, Hendler (164)
reportes two studies on humidity effects--one in which performance decrement proved gresater in a warm, moist
environment than in a warm, dry environment when both euvironmiuts had the same effactive temparature; and
a second study, in which the subject was the effect of high hunidity at high and moderate ambient temper-
ature on sustsined, complex mental perfowmance, No perforaance decremsnt could ba found that could be
ascribed to the humidity and temperature conditions, Webb Associatas (147) report that a change in humidity
haa little or no effect in extremely dry conditions. Storm et al. (171) reports no performance dscremsnt
associated with the vary low humidity (less than 5%) typical of the cockpat in flight,

Konecei (152) reports that the best relative humidity level for extended huaan performance is approxi-
mately 352, plus or minua about 10X. Bartlett (162) reports an experiment by R. D. Papler that used as
subjects some men in England who had been artifically scclimatized to heat and some men who had bean living
in Singapore. Over a pariod of 10 years these men participated in experiments designed to maasure the
affact(s) of high temperature and humidity on various skills., Results of thess experiments indicated that:
(a) vhen the effective temperature was held constant, men ware less afficient in a humid than in a dry clim-
ata; and (b) unacclimatized men were less accur:te in following pointers even during their first 10 minutes
than wera the sacciimatizad men.
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%:uu- the sarth'e atmcsphare, the pressurs of the stwosphere is a function of thw altitude
of tha ! s sbove maam sea i27el; atmosphuric presiure determines the amount of oxypsm availabla to
e indiviMal during sach breath. As altitude imcreases significestly ia & short time (s fev hours), the
individual w11l have to inhale a larger quantity of air with v.. Mreath, or breaths at a more rapid rate,
or imcresse t'e percantage of oxygen availgble ia the air tla. »» wstracts sach breath--or wee a combio-
aticn of all ticves mathods. Special dista, tha use of cert.. ' <7, s, or other techaics way be developed to
zteduce the quastity of oxygen the individual msade par umit ox . )8, Ample data, ewpirically verified, om
the stwospharic .avironment bast suited for long-term sevospace oparations are currently available for use
in bvman-esginesriag aoy asrospace wystem. The absence of atmospharic-associsted problems in tha MASA space
oparatiocns, especialiy in tha Apollo flights, is strong verificatiorn :? tha accuracy of the priuciples cur-
rently used to svoid such problems.

3ources coacaming the atsospharic environment in saroupace operstiona and the related probless (such
an hypoxia, oxygen toxicity, coatsminants, CO, and OO pressuras, trapped-gas syndrowes, stc.) fnclude:
Morgm et al, (148), Konecci (152), Trumbull {153), Webb Asscciates (147), and Woodson and Conover (149).
A nots of csution, however, is voiced by Lasbertwen (172), who indicates that not enough scientific know-
lodga is available to predict the potential interactions between man's physiologic eystems and any extremas
of atmospharic factors.

Vibrdétlon, luyeically and muchanically “vibration" and "noise" are similar because, in sach case, tha
receptors involvad are axcited by wave motion in the surroundicg wedia (173). Vibrations are "faelt" through
the scmsssthetic receptors of the body, w.ile sound is "heard through the esr. Running engines (i.e.,
automcbile or aircraft, x ciprocating or jet) are the most common sources of vibrations (148). As with
saveral othar sreas, saough work has been dons in the vibiation field to underline its importance sv a poten-
tial long-teym stress factor. Still, as will be shown, more work iz very sariously neaded, particularly
vhen the concern is with long-term (rather than acute) stress effects of vibration.

In 1959, Forbes (173) reviewed the literature on vibration effects on human performance and concluded
that: {a) prolonged szposuxe tc vibration can result in fatigue, irritation, sickness, headache, and even
permanant injury; (b) visual asculiy lessans under some conditions of vibration; (¢) reaction time increases
under soms conditions of vibration; (d) since vibration is often accompanied by other environmental factors,
the effacte of vibration by itself have besu largely impossihle to define clearly; and () thexe have been
almost as many experimeutal conditions as experimenters in the study of vibration affects,

Trusbull (153) reports that depth parception, tracking, visual acuity, and hand reaction are lass ade-
quete at 2,35-3.5 c.p.s. Tremor and aiming tasks are influenced below 10 c.p.s., and fatigue can ba induced
at 4 c.p.s. The fatigue lastu for some time after the task is over, with the degree of fatigue being almost
directly proportional .0 the amplitude of vibration.

In vibration ressarch, according to Hornick (174), general agreemant exists that in humans: (a) the
amplitude, accaleraticon increases, and durarion oi vibration affect compensatory tracking ability; (b) visual
acutity suffers in the varge of 5-90 c.p.s.; (c) apparently an incraase in reaction time follows exposure to
vibrations below 20 c.p.s.; (d) psychomotor coordination is affected at specific frequencias; and (e) body
equilibriua wmay be affected after vibration is experienced.

Korgen et al. (148) report that from 1-6 c.p.s. the human body responds primarily to the jolt component
of tha vibration; from 6-9 c.p.s., to the maximum acceleration; and from 9-250 c.p.». to the maximum velocity
impurted by 2he vibration, Very low frequency, high-amplitude vibretion, acting perpendicular to a hori-
sontal plane passing through the ear openings and the external cornars of the eyes, are the primary csuses of
motion sickuness in persconel in automobiles, ships, and aircraft. The range of human resonance is 2-5 c.p.s.,
and one of *he ;ost important factors involving human tolerance to vibration is the thorax-abdomen system.

In this sywtem, 3-4 c.p.s. vibration have both longitudinal and transverse directions. Vibration in the
transverse dicection results in displacemen: of the abdominal contents and abdoainal vall, as well as dis~
plicesent of the chest wall and diaphragm. Because any operating machine system produces vibrations which
have not yet been completuly enginasred out of the system, research emphasis has been placad on protecting
the human sgsinst harwful vibrations. Morgan et al. (148) report that the hydranlic shock-absorber system
sppear to be the nost acceptable systems in terms of fatigue effects.

Counterbalanced against these wortiwhile findings and conclusions, however, are a number of difficulties.
For exssple, Flukle and Poppan (175) subjected 9 volunteer Navy enlisted man and 1 medical officer to the
noise and vibration of a Gemaral Electric I~16 turboject sngine for a total of 20 hours within s 6~waek
period, The sibjects wers placed in various positions in relation to the engine. Of the 10 subjects, 7
reporced incr ssed fatigus and irritability during the entire course of the axperimunt; but 3 reportad no
effects of the nolse or vibration. According to Coermann et al. (176), experimental results indicate some
humans axre greatly affvcted by vibration while other humans are not affected at all. Lippert (177) raports
that, while progress has beseu made in expevrimentation and in experimental design in vibration veseazch, much
remsins to be accomplished in studies of effects of vibration on husans, Von Gierke {178) indicates that
no cxiteria for rating vibration exposura are generally accepted, and that all rating schewaes are based on
subjective judgments of tolexability or comfort and not on objective indications of various levels of physio-

et KD

A . logic risk. Finaily, in the opinion of Weisz et al. (179), vibration research should shift its emphasis

. from the cuxrent physiologically oriented approach to oue glving greater weight to the psychologic factors

3 involved. 1
il :
{ . Noise. As in the casa of vibration, much usaful work has also been done on noise. So much work remains

to ba done, particularly with ragard to present interests, that many of the current findings are generally
interpreted as providing only relevant parameters. y

Cannon at al. (154%) report that the effects of noise on humans are not aluvays predictable because 8
individuals vary in their sensitivity to noise. Generally, hearing loss occurs as a result of continuous k
(S hours or more) exposure to 100 dB (or more) of nolwe, Part of the ‘oss im regained with rest, but some R
permavent haaring loss may result. Earplugs or headsets are normally effective protectors sagainst hearing 1
loss for most of the noises to which man is normslly subjected. Trumbull (153) indicatas that noiss (wowantaed '
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suditory stimull) will not cause tha sama soount of parformance decrement in all humsns since there are indi-
vidunl differencos in man's susceptibility to noise. When the noiss level reschas the 100 dB level, physio-
legic evidence shows that a greater expenditure of emergy is necessary to maintain the samea lawl of concen-
tration as at a lower decibul lawvel. Reactions to excessive uoise sesm to involve a decreass in attentien,
accusulation of fatigue, lesser ability to cope with the unexpected or difficult, decrsase in soms visual
functiona, changes in vhvsiologic baselines, and temporaty or permanent hearing loss. Morgan et al, (148}
repurt that noise, being sn urdesirable sound, has an irvitant or annoyance effect, whoss ssplitude is pro-
portional to be dagres to which the noise distracts the individual from his task. Furthermore, most of the
evidence indicates that nonsuditory human performance is adversely affected by a noisy environmant only in
that the noiss provides a source of distraction (143). Noise protection that closes or covars tha ears only
is limited to about 40 dB or 50 dB attenuation bafore heing circumvented by bone conduction. Covering the
entire head (healmated) affords protaction against noise up to about 60 4B before body-conducted sound bypasses
the hasd cover. Coaplate enclosurs of the ontire body is required to get protection from noise with a
decibal rating of 50 4B or higher, the adaquacy of th¢ noise-protecting capabilities of the enclosures being
depandont upon the adequary of *hs soundpxoofing.

Woodson and Conover (149) report that speuch within a nolsy background is intelligible when at least
402 of the average spzech lavel is above the spectrum level of the backyround noise. To achieve noise con-
trol, thrae steps are nacessary: (a) select quiet aquipment snd wmount it properly (modify a noisy piece of
equipment to ellminate nciae); (b) place noisy equipmant in a place where the asount of noise is not a
problem, and then block the noisa off from tha area where quiet is important; and (c) usa sound-absorbing
materials vhers nseded and possible. Partlett et al. (162) report that nuise causes briaf failura of attan-
tion to work. Such Zailures will not affect practiced asuzomuitic body sovemsnts, but will be important only
vhan unexpected stimuli arrive or vhen a prolongad continuoua asries of impoxtant stimull occurs and leaves
no opportunity for relaxation of attemtion.

The Pederstion of Amearican Societies for Experimantal Biology (180) stares that the noise pain threshold
is 140 dB, and that noise levels approaching 140 d3 interfers with speech communication, No standards on the
lavel of noime snd riak of auditory injury have, however, been accepted by both thae medicul and the engi-
neexing authorities. Corskhkov st al. (18l) rxeport san "ultrasound illness' that is one bilologic effect of
ultrasound. Tha charactaristics of ultrasound illness include frightening dreams st the momsat of talling
ssleap, sansations of weightlessness, short attacks of asbulia, loss of appetite, somnambulism, malaiss,
vertigo, tingling senmations in the mouth, and feeling of unusual fatigua. Harris (182) adde that the rated
severity of noisse azposure is much affected by the mctivivy in which an iniividual is engaged when exposed
to the noise. Cormo (183) points out that large individual differenceas are generally observed in intellec-
tual performunce under high-intensity noisa. No personality characteristics, howsvar, have yet been isoclated
vhich paruit the succassful prediction of human performance under noise stress. Von Gierke (178) reports
that criteriu recessary to judgs rhe savarity of impulre are lacking; and although soms criteria =re avail-
able for evaluating tha intarfersace of noise with job performance and for judging onnoyance with noise, hey
are not uniformly sccepted. As expressed by Shoenberger and Harris (184), perhaps the only conclusion to
ba reachad after reading ths raviews of the effeccs of ncise on human parxformance is that there really ara
soms affacts, Largely unresolved remain such questions as vhether these noiss effects halp or hinder per-
formance, how thay ars related to iutensity of the noise, and what changes occur over tima,

Ionized air. Chiles et al., (185) found no svidance that the breathing -f unipolar levals cf lons auch
higher than those that occur in any norsal situation had any effect on attiiudes or performances tested,
and no effects on complex mental tasks occurved under diffarence conditions of positive or negative unipolar
ions in the air. Frey (186) reported that modifications in human feelings or behavior are not produced by
negative air ions and electromagnetic fields, «ven in concentxations much larger than normally found. Payae
(187) fouud no evidance that exposure to ionizing radiation affscted any of the psychomotor skills he uazaed
in testing his subjects. Shasfer (188), however, has stated that the high levels of energy output from wmodem
radar and the accompanying, potentially dangerous effacts of positive air ions ara still to be avoided until
wore is knownm about them.

Radistion, While weny psople arc exposad to ionized radiation from various sourcea (such as houdehold
television sets, watches with radiant numbers and hands, or x-ray machines), the amounts of radiation thus
recaived are ganerally not significant. Tha major scurce of trauwmatic ionizing radiation is the explosion
of a nuclear bosb. In such a case, the distanca of sn individual from the center of the blash and his wind
position (upwird, downwind, or to ona side) will determins his dose. The largér the dose, the more damsging
the radiation would be, tha quicker incapacitation would occur, and the less chance he would have of complete
recovery. Glass (189), in considering the effect of nuclear radiation on the combat effectiveness of an air-
crewman, concluded that a crew wouid he sble to compiste a low-lewal penetration after raceiving a dose level
of less then 500 R, provided they reachad the targat within 1 hour, if the exposure dose was 400 R; 1.3 hours,
if 300 R; 2 hours, if 200 R} 4 houxrs, if 100 R; and no limit, 1f 50 R. An exposure dose of 500 R would make
the crew ineffectual. Class also indicated that the reactions of slsven cancer patients undergoing air doses
of 150 R or 200 R showed extraordinary varisbility in extent and durstion., Zellwar (190) reported that indi-~
viduals receiving 600 R or less wvere completely effective for periorming all tssks for the first hour after
axposure; but, by the end of 24 hours, almost sll individuals receiviag from 500 R to 600 R would raquire
hospitalixzation; and 50X of those persons recsiving from 400 R to 500 R would alss require hospitalization.
Zellmr alsc stated thit many factors, such as motivation snd individual susceptibility, affect the perfor-
manice of military personnel during wartime, and that these factors would undoubtedly operate duriug & nuclear
var.

Oxons. Young et al. (191) reported that 9 p.p.m. by volume of ozone in the atmosphere will cause pneu-
mouic 1llness, but that the patisnts noxmally recovar. In DC-8 aircraft flying betwesn 27,000~ and 39,000-
fort altitude, ozone was found in a concentration of 0.3-0.4 p.p.m., & concentration that ie not significant.
Shreuder (192), in studying the wadical aspects of commercial jat pilot's fatigue, concluded that ozone was
not a maaningful source of pilot factigue at this tima,

Caxbon dioxide and carbon monoxide. Woodson and Conover (149) report that: (a) the carbon Jioxide con-
tent in an enclused air space should not axcesd 0.5X; (b) salthough a parson will not notice a carbon dioxide
concentyration of 1% or 2% in inspired air, this samount way dacrease his proficlency; {e¢) with mors than 3%
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carbon dioxide persent, he will notice a slight «ffort in breathing; (d) witha 5% to 102 carbon dioxide pre-
went, he will breatha heavily and tire quickly; and (e) vhen subjectad to 5% to 10X carbon dioxida for move
than a brief period of time, he will die. Trumbull (153) xap-rts that carbon dioxide tolarsnce in asxospace
oparations is one variable that cannot La modified or sxtended through special selection of personnel, accli-
matisation, training, or other technics. Under present published standards, the maxiamum concentration of
carbon dioxids iu an enclosad air space for any sustainad oparation is 2%. Thess standards are based on
ctudies indicating tha: as smali an increase as 1% (total o! 3% carbon dioxide) can produce deteriorstion in
attent.on as wall as uawauted physiologic and neurologic changes that may linger for some time, although the
USAFSAM studies by Welch and his asscciates do not support this theory. Trumbull (153) furthar raporxts that
che naxvous system doss not Jemoustrate any ability to adapt to carbon dioxide. Morgan et al, (148) state
that the carbon dioxide content of an enclosed air space should be kept below 1% when a prolonged, continuous
sxposire is to be endured. Howsver, subjects have endured a 3X concentration of carbon dioxide for about

6 days vithout any significaat performance decrement (148), Storm and Glannetta (193) found 2 wesks of expo-
sure to 4% CO; to have no significant effect on tracking parformance or problem-solving ability. Wabb
Asmociates (147) report that prolonged exposuras of 40 days to air in which the concentration of carbon diox-
ide was: less than 0.5%, caused no biochemical or other effects; 0.5% to 3.0%, caused adaptive biochemical
changes (mild physiologic strains); and above 3.0%, caused pathologic changes in basic physiologic functious.

Morgan at al. (148) raport that the carbon monoxide concentration in an enclosed air space should be kept
hulow the 0.003% laval for long-tarm ssarospaca opsrations., These utandards appear to be excessively severe.
Howaver, the same suthors point out that as much as 2,5% of the total voluma of cigarette smoke and as much
as 8.0% of tha total volume of cigar smoka can be carbon monoxide, and that the blood of hesvy smokers often
contains critical smounts of carbon mouncxide that can lowsr thaix efficlency in, and tolerance for, even
moderate altitudes., Webb Associates (147) report that limits fox carbon monoxide exponure are from an inde-
finite period at 0.005% up to 0,08% maximum for Naval aviators and up to U.6X for Army and Alr Force aviators.
The threshold limit valus (TLV) for industry is 0,01X concentration for 480 mln. Headache, dizkiness, and
nausea are symptoms of both excessive carbon dioxide and carbon monoxide concontrations. Other symptoms of
excassive carbon dioxide concentrations are visnal problems, respiration problems, snd "air hunger' (147).

Other contaminants, In any enciosed air-system supporting aerospace operations, impurities ox foreign
natters will aivays be found in the air that are not, in themselves, injurious to health but may affect task
performauce. Such factors as body odors, food smells (e.g., garlic, onions, etc.), or aromatic tobaccos may
be a significant sourca of strained intarpersonal rvelations (153) or may affect the appetite and lead to poor
nutrition (148), theraby causing lowared efficiency.

gaxdless of difficulties that arise when data from laboratory studies are applied to operational sit-
uatio.u, the serospace systema designexs are still not able to angineer out of the system soms problems
affecting task proficiancy. Excessive noise and vibrations, for example, are still part of all aerospace
operations; acceleration forces are still potert stressors; and not enough data currantly exist conceming
the effacts of humidity to do move than "strike a happy mean" iv attempts to control the humidity effects
ia long-torxm asrospace performance.

Altitude and climate, The work environment factors might easily come to mind when one thinks of poten-
tial stressors. 7The altitude-and-climate differences factor and the followlng general group of factors (such
as disesse, insacts, and plants) are less often thought of immediately, but still uppesr quite relevant to
military problems,

Trumbull (153) reports that tha movement of arwies by jet transport from temperate to torrid or frigid
operational areas in hours, coupled with any diurnal cycle problem, can have a very potent effact on the
combat or operational capacity of the (ndividuals. Sudden changes in climate (194) and adverse veathex con-
ditions {180), including turbulence (173), are atressors that affect the aircrewman. Quantified data on the
dagree to which these factors sffect individual capaclty or performance are not available, Si.gly and in
combination, howavar, the adverae weather, the characteristics of the individual, the equipwent, and the
nature of the wission oparate to modify the behavior of the individual (1A() in complex ways. Aircrewmen
living in a location less than 1,000 £t. above sea level may fly a mission to a location where the altitude
is 9,000 ft. above ssa level and have to romain there for several dayw. While the decreasa in the partial
pressure of oxygen at that altitude may not be savere in itwelf, its combinatiun with wuch factors as time-
z20ue problews or sudden changes in temperature~humidity ranges could have & significant effect on the cap-
ability of the alrcrewwn.

Disaase, insectu, and plaats. Data concerning the affects of infection on human performance have baen
essentially nonexistent (195), but the U.S. Army hes recently sponsored a long-term contract on this problem.
Reported results (196) of this program indicate a 25-30% decrement in performance ufficiency with an early
febrile disease such as tularemia, and a 20-25X decrement with the less severe Sandfly flever. Symptomatic
chamotharapy with Azurin and Darvon appeared to obviate the parformance decrements associated with Sandfly
fever. DBehavioral reactivns to febrile illnasoes appeared more closely reluted to subjectivae fsalings than
to hiomedical indices of the illuness.

For tha typical, haalthy aircrewmen, the ilinesses vhich might be considerad ara not exotic. The vell-
Fuown "tourist-stomach" syndrowe is one result of rapid movement from one geographic culture to anothar,
The acclimatization and immunity built up in one culture may not be effective in snother. Fven with using
e¢xtxesis cars in regard to the food eaten and water ingasted, aircraws forced to spand tlwe in different geo-
graphic locations and different cultures are exposed to new viruses, bacteria, insects, plants, and levels
of satistion. Rapid transition from a hot humid climate to a cold dry climate, and vice varea, can rrigger
respixatory disorders. Among thore {actors which probably constitute the best insurance against such AIncap~
acitation sre: excellent physical condition; extrome care in exposure to foods, watsr, etc.; and up-to-date
immunization shots.

Task Factors

A considerable amount of work has been done in the general area of task factors. The need for caution
should ba stxessad, howaver, before generalixing from laboratory xesults in the field situatjon. Thara-
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fore, ths following brief critical vsview is presenced.

Many authors have atressed the difficulty of applying laboratory findings to operational prohblems.
Chapanis (197), for exsmpla, points out that we often cannot confirm in real-world situations what cha
results of laboratury exparimente lead us te predict. Dean and McGlothien (1356), as already mentiounad,
raport that any parformance astimates based on the available singla~stress and single-task research will be
essantially meaningless in evalusting multliple-stress e [ects on the pexrformance of any spacific task by a
single individual. Garvey and Taylor (198) feal that man-wachine systems, which may ditfer only slighcly
in lsboratory evaluationa, may diffexr considerably under the exigencies of stressful field operation,

Kiblar (199) indicated that the results of classic vigilanne reseaych are not particularly applicable
to prasant monitoring taske., Jerison and Pickett (200) concluded that vigilance rasearch doas not contri-
bute meaningfully to the solution of probloms of sustained visual monitoring of radar displays either in
manned space systems or in any system that ig planned for fleld operation. Dahms snd Ferguson (201) report
that the accelerative patterns in data from actual f£light are sv much more cowplex than thows from analytical
laboratory investigations that the latter d ta are of limited use in evaluating pilot reactions duxing wevere
maneuvars, Dargstrom (202) reported that a human pllot can perform difficult and complex tasks in the lab-
oratory, and the simulator may have excellent face validity but, when the gystem is airborne, the pllot's
performance deteriorates sexiously, Wise (203), ae already mantioned, states that the difference batween
the laboratory and the real work is as great as between man and ape. Westbruok et al. (204) report that
many of the psychologiste' aexperimente in studying pilot problems offer so little realism relative to oper-
ational conditions that most of thelr findings have only limited &pplication to practical system design.
These cautions, against the casual attempt to usa luboratory-developed technlcs or principles in fiaeld or
oparational systems, apply to mauy of the tollowing studies of task requiremsnts, work-remt cycles, and
task-load problenms.

Task requirsments. Individuals difter (in all memsureable characteristics preasently samplad by any
psychomatrlc technic) from one situation to ancther, from one tavk *o another, und in the same task from
time to ¢ima (148). Any wystem, tharefore, that will require the use of a man in its operation will have to
be engineered so that its requirdments of man will fall within his besic capabillities plus his inherent
varisbilities, Morgan et al, (148) and Woudswon and Conover (149) agree that certain tusk requirewmants
should be the funvtion of wowe wmachine compousnt-specifically those requireweuts involving: ¢he storage,
recall, and wanipulation of large uumbarg of facts or figures} the spplication of large smounts of forcae,
quickly and smoothly} operations in enviroaments so stressful as almost tu insure humen failure} and 1he
aluost lnstantaneouus reaction to control signals. They alno agreoe that some task vequirewments should be
the Function of the human operator, sspeclally tasks luvelving: the discriminstion of signals in nodee;
the percalving of patterns in changing fields; the lmprovising aud use of flexible procedures; and the use
of originallty in solving problems,
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) Factors antagonistic to short- or long-terw etficlency luclude: increasing the speed with which a dim-
. play ls presentod, or increasing the numbex of displays to be monitored (208); working in the same poaition
for a long pueriod of tima (148); axcuswive administrative requirements (160); wan-machine incompatibilicy
(148) ; and overloading the operator (206). Agalu, however, a major problem in establishing man's functlons
in an operational seroapace usystenm lles in the fact that the majority of data partaining to man's cepabil-
ities in a man-machine system come from laburatory studies,

Tawk load. The problem of task loudlng seums to have been largely humsn-enginecred out of the presoent
aarospuce aystemu-~ingofar as the actual operuation of elr-transport system is concerned. For example,
Billings and kggspuaehlexr (207) point out that, in studying changew in selected variables tchough to be cdused
by fatigue and task loading, they found chat the differences between subjects wae wuch lacger than any differ-
ences in output presumed to be caused by fatigue or tusk loading., Stanbridge (208) veported that in the
results obtained by questioning 391 aircrowmen who flew 14,000,000 milas in 100,000 sorties to deliver
1,000,000 tons of freight during the Berlin Afrlift, no alrcrewmen was reported to have given task overload-
ing as a slgulficent dource of frustratlon vr fatigue. Shreuder (192), in the medical ampects of commarclal
jet-pilot Fatigue, did not llst task loading as a signlficant factor. 1n lavestigating the pilots; workload
in civil airlines, Swith (209) reperted that, in the operationsl setting, the majov source of frustration
way the inabllity Lo adhere to the schedule} task load was not listed as a signdficant factor. In applying
tima and workload analysis teclmics to transport pllots, Cantrell and Hartman (210) found that neither the
i task load nor the flying hours required were the major sources of frustration to these pilotm, but rather
such factors as luack of planned Lree time, oxcessive ramp-pounding time, wnd avoldable enroute dulays, Altken
(160) , in reporting vhe resultw of an interview study of alrcrewmen, did not rind that task load was u signi-
ficant source ¢f coucern to the pilots,

Task Loading was not found to be a divect cause of alrcraft accldents by elther Hartman and Cantrell
(211) ox Goorney (212). Hartwsaun and Cantrell, however, indicated that, becauss pilloting was more demanding
" : on the approach and landing phases of flight than in the crulsing phase, changes in task loading could be
. . a factor in landing-short accldents, Westbrook et al. (204) amphasize the need for u veliable waamsuring

W of aircrew workload or utrass. Hartman and Cuntrell (213) point out that the ultimate goal of biomedical

Q resgarch Lw the weintenance of man's capacity for skillful work, and that problems of human efficiency

; ussociated with physlologic degradation disappear when the physlologlc problem 1w engineered out of the sys-
ﬁ taw. Fites (214) vaports that oue of the best ways of Increaring the probability of reliable purformance

i undar unfavorable environmental conditions 1e o Iuwure that all alxcrew rasponses potentially required

t during vperational use of the system are within the aircraw's highly overlearned habit system.

Accaleration. Acceleration is fncluded here because lc iw an Integral part of taking off or landing
in an asrospace system, or of making u rvelutively rapid change In speed or directiocn while moving at a rala-
tively rapid spaed. Movgan ot al. (148) call the accaleration vector In a plane parallel to the body's
i lougitudinel axilst positive accelaration, 1f it ig in the head-to-foot directlion} and negative, in the
foot—~to-head direction, The acceleration vectur in & plane perpendicular to the longltudinal axis of the
budy ls called trandverse acceleration., Linear accelerstion lo that in which the position of the longicu-
dinal axis changes in a straight line, Redial or ceutrifugal acceleration occurs when the longltudinal
axis 18 rotated around 4 central point so that Lts velocdty vector Lé constuntly chauglug divectlou, Angular
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accelaration is produced for the sama condition when the velocity vector changes wagnitude and diraction,

X, Woodson and Conover (149) and Clarke et al. (215) report that a subject's tolerance to acceleration .
: is increased by placing lim swo that these forces are trsneverse to tha long axis of his body, and by the “
use of positive premsure-breathing by the subject. Thay z2cate that suditory rather than visual signals

should be used when critical acceleration levels are auticipated, and that arwrests and controls should be

placed close to the oparating position if they ere to be wanipulated during pariods of sxtvema forces., In

g & rotating space station, the Coriolis (or ceantrifugsl) force would add anothur dimension to the problem of

X the occupants of the space station, Overcoming deletavious affects of the Corviclis force would involve:

B (a) placing any conwoles parpendicular to this force so that lateral hand movemants would not be disturbad}
(b) positioniryg tall racks or filex so that the pulling out of drawars or racks would not he affacted by
the forca; (c) positioning any ladders so that the Coviolis force would not throw a man either away frow or
against the l.dder; and (d) sleeping in buuks with che foot toward the direction of the rotation, so that
the Coriolis force would help the individusl raise up out of bed. The report by Webb Associates (147) fur-
nishes considerable data portaining to the various acceleration factore, 'Thesa data are markedly enhanced i
by the highly successful apace flights, managed by NASA, in which these Jdata were used to eatablish the wan- !
machine parsueters., {ollowing are some of the general princlplas developud: (a) Accelevation ntress
significancly iwmpairvn visual capabilities (under conditions of lucreaslug acceleration, vinual acuity
decreanes, stronger illumination is required, but less brightness contrast is naeded). (b) Strong individ-
ual differences exist among pilots in resisting performance decrement during exposurs to high G, (c) Some
pilots, during or after acceleration exposure, are subject to fulse perceptions of their pumition and motion
(pilot perfurmance proficiency can be markedly improvad during exposure to high G through acceleration
training programs). (d) The proficiency of a pilot performing under high G is signitficantly affactad by the
characteristics of the control device used. (o) The measurement of a pllot's performance capabilitics in
affectud by the inatrument-display characteristics. (f) Tawks performed easily under low G conditiona
becom: more difficult as ¢ increases. (g) High G affects intellectual skills, concentration, tiwe percep-
tion, judgmant, and immediate memory, (h) Tha direct effects of acceleration may lead to a lessax paycho-
physiologic impairment of the pilot than do the emotional reactions genevated by the anticipation of acceler-
atlon, (1) Acceleratiou strass may coumbine with other envircnmental streasses in modifying the performanca
of :ha pilot.

Trumbull (153) reports that all studies of tolerance to acceleration forces show the usual individual o
(i {faronces, thue suggesting that selection of pilots for acceleration tolerance might play an important :
role in aerospace oparations, Many mubjects have bean repeatedly uxposad to various levule of accelaration
| y numerous experimenters, with rixed results, Suvwe itusesrchers report adaptation to acceleration forces,
and others raport decreassd tolexance to acceleration forces. Chambars (216) states that flying an airplane
expusen the human to potentially severa acceleration forces, to which "grayout," and vertigo axe wall.
known reactions,

The effects of accelearation on task perfurwance appaar to bar related to task cowplexity and difficuley,
and to mechanical interference. Large individual differences in emotional rcactions to aceslerstion forces 'Y
have slwo beau observed, Euphoxia, fear, tension, and nauses ave some of the obsarved "personality" effects
of acceleration., More data will be needed in order for the relations between accelaration forces and con-
tinuad pilot competency to be underatuod adequataly. Sem-Jacobsen (217) usad an 8-channel airforce EEG to
racurd the brain waves of 30 differant pilots while thay tlew 65 miswions. Rolls, dives, and the pulling
of 6 G'w were included in nach flight, He found risrked individual differences in the EEG reactions of the ;-
30 pilots to the various miesioa stresues. The study showad that some active duty pilote undoubtedly experi- [
enca some unconsclousness and somstimes convulsions while tlying fighter alrcraft through extrems waneuvers. .

Stress toleranca. In the most genural sense, streus is luferred whan some factor (utressor) causes
dehabilitation in any of the psychologic or physiologic functions of man. The force of the strews ius

directly related to the magnitude of the deyiation. The Joint Discussion Foruwm on Behavioral Sciences (218)

emphasizes the needs of the armed services for increased knowladge of the long-term snd interactional effects

of all stressors. Agrell (219) ceports that a primary task of military psychology 18 to find ovut more about

behavioral changes undar stress. Not only do people react differently to stress, but the sama individual

will have different reactions to stiess~depending on the type of stresmor affecting him, Salye (220,221) has

provided a wodel for the effecty of strewses on human behavior and adapted functions--an approach that has

recaived wide acceptance by behavioral sclentists. Stresses can be mevere for s short time or ainimal for

a longoer period of tima; both aspectws should be considered. Strees can be either physical or paychologtl:. 4'.
or any combination of both. Nayenko and Ovchinnikova (222) state that psychlc stress davelops 1n man in

different stiuations, during mental and emotional overload, when something interferes with his taek pevfox-

manca, or through psrdonal failure in his work.

Collapse under stress is hard to predict. Garathewohl (223), for example, reports that wen who had i
baan idenrified as prone to breakdown uader stressful sltuations neverthaless served long and wall, aven .
on tours of combat. Dynes (224) states that only about 5% of wen who served in combat had a breakdown as
a result of stvess, Dynes further reports that the evidence, obtained from men fresh from combat and from
survivors from sunkan ships, does not wupport the widely accepted theory that all wen have psychologic
breaking pointu., In describing the strasses of combat on Guadalcaual, Lide (225) reported that the man who
did not "crack up" from stress had experienced one hazaxd after another, suffered the same frustrations,
fought the wmme battles, and experienced the same hardships end disappointments as those among their peexs
who did crack up.

Civilain disasters are eources of data on the immobllizing effects of acute strews. In reporting on k.
the community reactions to the utresses of a disaster, Llyhurst (226) stated that less than 25% of the per- ]
sons involved wexe capable of performing the constructive activiites necessary to witigate the effacts of g
the diusater, while the otheg 75% exhibited behavior rvanging from bewilderment to paralyzing anxiety and’
hystaxical fear.

Klain et al. (227) wtate tiat the magnitude of the strees on a flight crew is determined by the inten- L
sity of the utrawsing factors and by their duration and frequency of occurrence. Boyles (228) pointa out
that the normal stresses inherent in flylng may interact with the stresses of combat and aggravate them,
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Prykholm (229) reports that ope, *“{n "t alrorawuen undergo the wost careful medical and paycholugic screan
ing and solection and are conata )jected to regular medical checks, Throughout thelr caxeers, the
oparational sircrewwen are also . Lcuntly subjected to bigh stressor loade during all cypes of flying
nissionu., The highly motivated aircrewvman may manage the stresses of flying with sultable anxiaty-handling
mechanisms; but sowe aircrawmen apparentiy dv nut have the psychelogle resources to mmisge stresw aud are,
through various sschaniems, removed from flight ututus, Some of the strewsors that face the oparatimal
alrcrewmen arat family troubles} reduccion in job satisfactlon} transfer to a higher parformaice aircaaft
(229) 1 emotional strews (230,212), fear of Fallure (231)§ auy auxiety, uwo matter what the source (1H0);

and fear of personal risk (219), Trxumbull (1%3) reportw that the gquality and/ov quantity of stress can he
altered by the state of the wmind, anticipation, familfsrization, aud trainiug, Fine snd Havvwman (232)
deacribe perconalllty Factors which fafluance stress tolerance, Shriver (233) aports that cironoluogic age
dosu not appear to coutrlbute significently to differences ln performance under swtrews. Gooxrney (212) ntatens
that emotional stress may be a significant contributor to pllot-error accldents,

liawaxd (194) reperts that respiracion is the swingle best moasure of stvess, with galviuic wkin repponac
(GSR) und pulse rate beding the wost compatible variables with respiration to lpdicete lavel of ntress,
(Many physlologiets wonld not, howaver, agrae with this probably oversimplified ntatement,) Consideration
uf the stress problam at the Keunedy Space Canter (234) led to the conclusion that, from tndividual to fodi-
vidual, great variation exiets In total avallable wnergy resarves, the vate of eusrgy transformatlon neces-
mary for the body to cope with various stresses, and the rate of reabuilding enurgy reservas., Considerable
variation also appoars to ovccur in rapidity of vesponsi to stremss, onsat of fatigua, and the lavels of daily
streds necessary to produce accumulats or chronia fatigue. Individual differencss in reactions tuv stresw
are likewise reported by Agreil (219), Balke (158), Bergatrom (202), Cowrmann et al. (176), Curran and
Whexry (235), Lide (225), Nayenko and Ovchinnikova (222), Shriver (233), and Wherry and Curcan (236).

There seews to b av reason ty doubt that, wich the appropriate devices und technlces. aircrewmen
could ba melected who would be highly reslstant to major stressocs. (Substantial progresu toward thls goal
was shown by the work of Hells, pariicularly in the emotlonal and motivation sphera; but the program waw
terminated bafore the goul was reached,) Wilson (237) veports that, for selectivn of Project Mercury can-
didates, psycholugic stebility (reslstance to change under stress) was the wost fmporcant fastor Lu the
evaluation, with physiologle performance bheing a secondary consideration. Flinn et ul. (238) stute that,
in considering candidates for future gpace pllots, tne abllity to tolerate stress and frusteation without
significant emotional symptumatology vr Jmpalred parformance Lu consldarved to be an {mportant personslity
characteviatic. Bovard (157) repocts that the prasence of another human at the time of n strass Licreaves
both individuals' reslstance to wtxess,

PART VI
Craw Parformance and Fatlgue

The workloads and task demands imposed upon alr crewmembers in sodern wilitsry adreraft are substantlal,
The mimsions have bucume more demunding and crew etfectlvaencds and alertness arve clearly qulte high on any
scala of "eritlcality,”" Further more, many misslow duratlons, nominal and cuntingency, ace significuntly
longer than in the pawt. 'The requirvemants for work prior to the [lylug segment of a tour of duty turther
complicate the problem. Because of thawe consilderations, bt s appropriate to put more emph..cis on hardware
and softwsre factors fwmpinglng on crew parformance than has bean done in the past, The materilal which
follows 1s a briaf summary of exluting knowledye va crew porformance,

Puychologle Effects of Physloluogle Stress

Au dmportant avea of concexrn ls the evaluation of perfoonance fmpalrment produced by physiologle stres-
sors kiown or suspactad to exlsl in an operational system, Within the limited space avallable here, [t
appaars best to deal with the problam of psychologle effects arlsing from physiologic stross ir summary torm.
Une such sunmary 1s presentaed du the form of a qualitative table, Shown are the effects of 12 stressors
on 20 aspects of perfoimance selectad for thelr pertinence to vrew functioniug.

In general, low levels of biodynamle stressors such as accelervation and vibration alter crew performance
because they "lvad" the Limbs and interfere with coordination, Low levels uf other wtreasusors like hypoxla
comprumise crew performance by induclug a gencoalized fatigue and/or CNS fnsult. Any stressor producing
unpleasant subjectlve ststes gud bodlly discomfort or physiologle compromlse distracts an alvcerewman and
raduces his alertnessn, Such distrr. tions create a situation fu which a substantial powsibility of puor per-
formance valsty, At the higher levels of physiologle stress, ov folluwing prolouged exposure to moderate
lavals, physiologic compromlse fs usuully sufficlenc to become the signiflcant problem, and to outweigh
parformance aspects a8 Lhe focus of coneern,
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Motivation + + + + P + +
Distractions due to:
Pain, stc. + ++ > + ++ P +
irricability, efc. - - P + + P + + o+ +
Discomfort + + 4+ o+ + o+ + o+ + 4 =+ o+ o+ '
Fatigue + 4+ o+ o+ o+ + + P + + + +
Subjective cost of
work + +r + + + 4 -~ P P P + -
Activity level + + + + + P+ +
Vigllance wlertness P+ + 4+ + ++ + + P 4+ +
Span of attention + + + + + + P P
Sensory 3 + o+ P + P P 4+ ++ + + . .
Pexcaptual + + + ;
Motor*
R Simpie + + + 4+
B Coup lex + H+ + + o+ + P + P+ ++
. Disciete + +
Coutinuous + ++ P + + + + F + +t
Neuromuscular co~
ordiuation + +H+ + P ++ + P + + 4+ o+ o+
Acthmetic, etc. P + P
Rearoning +  + ++ P P +
Judgrent + ++ P ++ +
. Memory + P + +
.-
* P = poasible decremeut, + -~ mpeasurcable decrement, and ++ = substantial decrement ¥ 3
' + Effects at low levels are largely mechanical-limbs sie "loaded."
. * The well known euphoria associated with hypoxia has not been entexed in the table. ]
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f ; Peychologic Factors .

i The previous section focused upon the influence of extrinsic factors upon the efficiency of man. The 3
B emphasis wes on mechanical effects and physiologic insult; in those areas, alterations in pe forwasnce were e
N considered to be second order effects. This section will consider intrinsic factors, in man - cases involving " a
’ mechanisms resistant to definition, The importance of these factors is, however, reinforced by the criti- E

cality of any decline in the efficlency of the crew, It is important to remember that performance can . 4
degrade even when the enrirunmental situation has been optiwmized. ) y
Fatigue ’
The problem of crew fatigue has been with us fo: a long time. It defies rigorous definition. The liet .. -

of effacts is long. The significant aspect, from the weapons systems point of view, ie that parfuraance
becomes poorer during an axtended period of work., Subjective changes also occur ir a systematic fashion.
These are usually of secondary concern when one is dealing with acute fatigue, except as subjective fatigue 8 L0y
levels provide un additional index of the general physical status of crewmembers. Only a emall part of the -
literatare on acute fatigue is applicable specifically to crew efficleacy. In the pilot domain, certain pay-
chomotor changes are generslly believed to occur. Evidence has been obtained that acute fatigue effacts are
relar+d fundamentslly to momsntsry lapses described as "blocks." As fatigue accumulates, theme lapsas

become wore frequeint so that overall efficiency ié lowered. It appears that these blocks represant a com~
plete cessation of psychologic function and that the performanne of the fatigued flier is largely one of

) normal levels of efficiency with interspersed blocks, This probably accounts for the confusing results when
2k one asks an alrcrewman to report on his own level of performance. He observes that most uf his performaunce X
1t reasonably good, and he ls inclined to miniwmize the lapses, particularly if they are nct too frequent. ..
Therefore, he reports that he is "doing fine," to cbe surprise of sn outsida observer, who io impressed by et
the lapses, Oa the other hand, 1f asked to report on his own state of fatigue, he is likely to say "tired,"
which sgrees with the observer's estimate.

Tharw .re alno differeantial fatigue affects in different class«s of tasks. Tasks based n gross, dia- K
crate cues are more resistant to fatigue than tasks based on minute cues, in which vigilance and alertnass

are important. Vigilancs and alertness appears to be the fuuction wost affacted by acute fatigue, For the |
more complex and prolongad tasks, it appesrs that proficiency canuot be maintained at acceptable lovels
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wuch beyond 20 hourw without rest. Some tasks particularly susceptible to fatigue may have a shorter period
of maximum performance.

Flying high performance aircraft places demands upon mentsl application and acusen of the pilot, Brief
lapses in attention, dilution of alertnass, may produce an accident-prone smituation. Fatigue, by definition,
signifies a decrease or detrimantal alteration in performance due to the duration or repatition of an
activicy, sggravated by physical, physiological and peychic stresses. Flying fatigue is implicated as a
contributory factor in various '"pilot" error accidents,

(a) Patigue increases proaeness .or disorientstion,

ib) Fatigue reduces attentive visual scanning, increasing chances for mid-air collisions,
and for misreading charts.

(c) Fatigue lowers judgment and attentiveness, possibly contributing in loss of :ontrol at low
altitude, approach and landing.

Flying fatigue is a combinatfo- of physical, physiclogical and psychological factors. Fatigue is
defined difl{erently by different disciplines. It Ls next to impossible to meauure all of its cowponents in
tha flying situation, through psychological and hormonal stress tests postflight indicate its presence.
¥atigue in flying falls into two overlapping and interdependent operational categories,

(a) Chronic Fatigue,
(b) Acute single mission skill fatigue.

Chronic fatigue occurs when physical, mental and social recuperation between repeated missions is incom-
plete. it can rapidly occur in any repetitive maximum effort misslon unless preventative measures are
ifnstituted, The RAF in the Barlin Airlift reported a 90 percent incidence of fatigue symptoms. Some of
thess symptoms were: Flight Surgeons noted tiredness, apprehension, increased drinking, weight loss, bick-
ering, aad multiple minor physical complaints, Cowmanders noted that landings were bumpier, taxiing care-
less, controls were handled more clumsily and fiight planaing was sloppy. Crews felt ruch of the difficulty
rested with lack of sleep, waiting between flights, poor living conditions and unsatisfactory ground organi-
zations, couplad with long working hours and in~flight factors, such 2s aircraft comfort, ete, When steps
were made to improve living and sleeping conditions, to provide definite off-duty time, etc, fatigue markedly
legsened,

A vuriety of factors contributy to chronlc fatigue. These include:
(a) Length ¢f flights, false starts, delayed flights, waiting perlcds at intermsdiate stops.

(b) Poor layover facilities, bad beds, poor sleepiug conditions, bad messing facilitles, lack of
recreation and diversion, irregular or missed meals, bad ground station organization.

(c) Reliability of radio alds, partizularly in the Arctic and arow i the border of USSR,
(d) Uncomfortable permonal equipment - cxygen masks (preasure suits).

(e) Weather, anticipation of bad weathey, rough flying ~ith auxilliary crew on the verge of
airalckness.

(f) Physical condition, lack of exevcise and general body tone, pont eating habits in general,
drinking the night before flying and during irtermediate stop, smoking in relatfoun to altitude tolerance
and blond carbon monoxide~hemoglobin levuls.

(g) Alrcraft design "himan factors engineering," scat comfort, rlight deck design, facilities for
sleeping in the air, working areg lighting, reliability of the "bird" and confidence, wdequacy of heating
and ventilating systems for arctic and tropical flights, facilities for good in-flight meals, noise and
vibration leyels, instrument arrangements.

(h) Toxic factors such as prolonged flying at 10,000 feet and slightly over without supplemental
oxygen, as well as carbon monoxide and carbon dioxide in the cabin.

(1) Leadership and team spirit, relations with aircraft command:rs, relations with superiors on the
ground, adequacy of support and backup, amount of paperwork, satisfactlion with organization, amount of res~
ponsibility of the individual.

(3) Personal factors, amount of f{lying experience (earliex flights (n a career tend to be more
fatiguing), domestic difficuliies, Finsncial sucurity, perscnality of the individual, motivation and
conscienticusness.

(k) B8reaking of the normal diurnal rhythm {the Jay-night cycle).
(1) Untoreseen inflight swergencles.

Acute single misricn skill fatigue iu recoversble with a gond night'e rest. Skill fatixue has become
more of a problem with increased cockpit hours. The factore are primarily paychological and include monotony,
continued attention and regponsibility, immobility, apprehension and horedom. However, physical factors,
such as general.y poor physical condition, accelerate fatigue, Lack of attention to phyeiological disturb-
ances such as xild hypoxia, hypoglycemia, poor diet, alcoholic intake, blood carbon monoxide from oversmoking,
all greatly increase fatigability. Flighc factors such as weoather, mission difficulcg. cockplt and equipen. t
comfort, noise, fesding facilities, heating systems, length of flight and radio ieliability ~l1 play a
fatigua-producing role.
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8kill fatigue is characterixed by:
(a) Tha requiremsnt for larger thun normel stimuli for evocation of appropiiste responsas.
(b) Exrors in timing.
(c) Ovarlooking of important elements in a task series,
(d) loss of accuracy and smoothness of control column and rudder movements,
(e) Unavareness of tha accumulation of rather large errors in azimuth, elevation and attitude.

(f) An increase in control movements involving greater fluctustion in order to produce the same

affact,
(g) Under and over-control movements,
(h) Forgetting of side-~tasks.
(1) Increasing unreliasbility of reports of what transpired,
(3) Errors of inattention. Fallure to scan sky, fixcd vision,
(k) Preoccupation with one task component to exclusion of others.
he (1) Allowing various clements of operational sequence to appear out of place with respect to one
another,

(m) Easy distraction by minor discomforis, aches, pains, noises, etc.

(n) Increasing unawareness of pertormance de;iciencies, and in extremes, usually involving intem-
perate RON's and TDY's, signs of physical breakdown su i as fainting, cardiac arrhythmias, etc.

The RAF found in one study (208) that fatigue occurred after 10 hours in piston aircraft, was greater at
night, progressed in severity during four l5-hour night missions, was objectively (not subjectively) present
after three sorties of one hour in jet fighters, fatigue response varied greatly among pilots, there were
performance spurts for landings and emergencies.

One can see that chronic and acute fatigue overlap. Tough single missions if close together can pre-
dispose to chronic fatigue. The individual who begins flight in a fatigued condition will develop acute
skill fstigue earlier and more severely.

The attack to eliminate fatigue is multipronged. Aircraft design and personal equipment are engineered
toward decreasing fatigue factors and producing increased comfort, Modern mission planning, such as the
sxtensive efforts of SAC includes preventative consideration of in-flight and between-flight fatigue com-
ponents, Continuing excellence of support in such areas as:

(a) Good maintenance - effective pressurization, reduction of noise, decreased failures of equip-
ment inflight.

(b) Good facilities - flight lunches, transit transportatjon, transit messes, VOQ accommodations,
air-conditioning, showers, etc.

(c) Good equipment - oxygen masks, personcl equipment, runways, etc.

(d) Good service - slert tower operators, attentilve dispatch and weathev personnel, a good program
of wedical support from an interested teaching flight surgeon and PTO.

(e¢) Good leadership - high morale, high motivation, awareness of the mission, support for problems,
duty schedules known iu advance to allow for planned reut and minimum wasted time,

However, the cornerstone of any fatigue-reducing program is tne aircrewman, hinself. He must keep him-
aelf in good physical condition and not flaunt preflight and in~flight physiologicel vequire: uts. These
include:

(a) A program of suitable exercise.

(b) Oxygen discipline,

{c) Regular meals to prevent hypoglycemia, flight lunches,
(d) Prevent dehydration.

() Kesp alcoholic intake before flight to 2 minimum.

(f) Realize that excessive smoking produces 5-10 percent carbon wmonoxide-hemoblobin.

(g) Should control psychological and emotional problems such as family problems and anxicties,
which should be left on the ground, and over-partying which only wears the body down and depletes one's
reaictance to psychic stress,
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Thaze is incresuing emphaais on self-discipline ir tha aircrewmember. He should arrive at the sircraft
in the beat possible condition. During flight he should maintain rigid anti-fatigue discipline.
(a) Ksep a rotation schedule. .
(b) Lat tha copilot fly.
(c) Kesp hydrated.
(d) Eat regularly.
(e) Stretch the musclas. . .
(f) Maintain oxygen discipline.
(g) Move about if possible,
Duty schedules containing programmed periods of rest, on the olhar hand, can be carried out quite effec- N )
T B tively for msny hours. Also acute fatigue, and indesd, gensral performance probleme axe complicated by
K. aging; performance degrades in a non-linear fashion with age. VYor example, typical reaction time in a 60
B B year old are double those of tha 40 year old pilot. However, neuromuscular losses dus to aging are probably
‘W | offset by more efficient or batter organized approachus to tasks, One factor important in fatigue is tha
physical inactivity resulting from confinemant to an immadiate work arsa, the relative vagotonia which may

rasult inciludas subjective states much like those associated with fatigus, though there in st this time no
direct cvidence relating a mild vagotonia to impaired performance.

As indicated earliiex, it is conventional to think of two classes of fatigue, acute sand chromic. It
appears fruitful to add a category midway between the two, cumulative fatigus, Cumulative fatigue is the
result of inadequate recovery from several successive periods of acute fatigus or from several pariods of
inadequate sleep, and appears gradually over ssveral days or veeks. Performance sffects are like those seen
in acute fatigus, inciuding poorer performance and degraded managemant and judgment. The subjective aspects
assume grsater importsnce. Msaningful impairment in wotivation, emotional control and interpersonal rela-
tionships can develop, Situational factors play an important role in the buildup of cumulative fatigue,
particularly tha msrginal aspacts of crew support functions, crew rest facilities, schedules, and round-
the~clock operations. Amoag the more common place subjective effects are increases in bodily complaints,
particularly increased tension sympioms, frequent complaints of excessive fatigue, and so forth. Personal
factors such as age, experience, skill, motivation, freedom from personal concarns, snd personality structure
opsrate strongly in maintaining resistance to cumulative fatigue. ¢

Chronic fatigua, in tha special sense in vhich it is used in madicins, is rarely seen in crevmen. Where ]
it occurs, it appears to be the classic psychoneurotic maladjustment to situational stress, and is best
- handled clinically wichout reference to work factors or related aspects of the psychology of human efficiency,
- per se.

Diurnal Effects

Diurnal variation is anotiar factor involvaed in prolonged work. Shifts in proficiency of a genseral
order of t 8% have been reported. The largest losses in efficiency are ganerally found where operators have
already been on duty for some time (i.e., where the psychological reserves are already somewhat depleted)
or where task demands are such there is a propeusicty for performance degradation. For example, losses in
proficiency have been demonstrated in relatively inactive tssks; thess losses are greater in the early morning
hours, However, more "active" tasks may show no such loss, even when they occur during the same early momming
hours, These findings have been interpreted as indicating that diurnal stress is a secondary performance
factor, If performance decremant is ulresdy present, it is increased by the requirement to continue wovking
through the early morning hours, If the operator's performance is at normal levels and other primary stres-
sors such as fatipgue are not taking their toll, no significant dir+nal effects are likely. One important
situational sspect of the mission work schedule needs to be kept :n mind. Morning flights, with Che unavoid-
able uquirement to get up early in order to complete predeparture preparations, may well involve a signifi-
cant loss in sleep, which sets the stage for inflight fatigue problems.

Work/Rest Schedules

The manning problems of the more complex acrospace systems has led -enewad intereat in optimal work/

b rest schedules, Some investigations of this problem have occurred in sirulated space flight studies, where

: the work/rest routine ia under careful control, It appears that the important factor is the maximum time

on duty. Duty schedules should not require continuous work to the point where significant fatigue effects
oceur, or interfere with rest and recovery between shifts. Within these limits, many schedules are feaasible; ]
factors such as the flight profile, schedule requirements, and crew size bacome more important. P B

4 The problem is how to arrange the duty day to provide sleep periods, rest periods, and still provide o ¢
4 continuous coverage throughout a day, for perhape several days iu succession. Laboratory studies have demon- ’
! strated that man can perform acceptably on schedules as unusual as 4 hours on duty/2 off or even 2/2, but

k. the sleep schedule which goes vith this does not perwmit adequate recovery. The crewman's physical reservas
ars reduced, and his capacity to handle some emargency condition such as a requirement to work continuously
for many hours in un emergency is seriously comprosised. Schedules parmitting eix or more hours in a block
3 for sleep and rest are significantly better for mmintaining reserves neaded during prolonged e¢wergencies.
Questions regarding what constitutes adequate sleep ave cential to the problem, not only in terms of total

; quantity btut also the daily requirements for various stages of sleep, The compounding of partial sleep

k. deprivation by environmental stressors is slsoc an area of concarn.
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Improved formulatiocns of the psychologic problems in advanced aircratt will emerge from better definition
L of mission tasks to be parformed. A major activity should bo human angineering of work stations and crew

N facilitiss. Another major area is tima-line and work-losd analyses of major misaion tasks. Background work

) 3 should consist of studies directed at work/rest schedules, and ut the relationship between work, fatigue,

and sleep in settings which provide reasonable @imulation of the inflight environment and misaion tusks, The

capability for much of the ntudy effort described here is available inhouse, providing the schedule 1is

satched to manpower rasources.

BT

L ' Performance Upon Awakening

I Another potential problem is that of crew performance upon audden swakening, as occurs to crews sleaping

. during a prolonged "alert." Laboratory studies have shown a decrement of 25% for the first minute aftar
. A awdkening, in comparisca to normal daytime efficiency. The racovexry curve appears to be linear for ulmple,
! discrete tasks, though full return to normal levels may not be achieved for as long as 20 minutes or so.
. More complex tasks requirxe a longer recovery time, The use of klaxons or similar alarms does not seem to

. facilitate performance, but a very few minutes of non-working tiwe where the crewman can devote himself

axclusively to waking up offsets the decrement, Apparently, having to work in a concentrated fashion after
sudden awakening interferes with the capacity to perform effectively. Crewmen who have had to face thin
problem repeatedly probably do not show as much decrement, because experience and training are always major
levelars of impairment resulting from psychologic stresa.

A Tt
3

'1?1"“ 1 Tha Metabolic Clock Problem I

- B The behavioral effects of flying through time zones has been studied largely on commercial passengers,

L ‘ Some gross beshavioral disruptions, including increases in reaction time and subjective changes, have been
demonstrxated, but the problem has not been avaluated in depth. Speculations about differences due to flying
east versus flying west have not been studimd adequately. So far .4 can be determined at this time, the
stressors are situational--z man f{inds himself out of step with the local envirocument and therefore compro-

-5 uises his own schadule in critical functions like eating, sleaping, etc. Performance decrement occurs in

. 7 response to these compromises and is only indirectly the result of flying through time zones, per se.

\' Alteratfions in States of Awareness

=Y Reduced avareness is another area where the probability of crew stress is low, but the possibility
axists. Increasing attention is being given to alteraticni= in man's prception of his surroundings under
environmental and physiologic conditions which apparently are within normal limits, In some respects, both
S flight and mission crews are more susceptible than the typical man on the ground., The effects are besi

i characterized as undue narrowing of attention, inability to properly focus attention, or actual distortions
’ of sensory input. In many cases, these experiences, such as the sense of detachment described as the break-
off phenowenon, appear to be innocuous, but the possibility of significant degcadation in performance exists.
. ) These states are based primarily upon peychologic factors although concomitant physiologic mechuniasms wmay
”_ : tccount for an elaborat.on of the condition (e.g., hyperventilation secondary to anxiety, or drowsinenrs

’ assocliated with a monotonous environment), This phencmenon can be viewed as a disorder of informatiom pro-
cassing, related to an iunput either above or below the optimum range for processing, or to conditions in
which the flier is unable to deal adequately with the relevant input,

Tiwse kinds of effects related to task load may be seen. When sensory input is below the optimum,
inatientiveness or boredom occurs, leading to lowered proficiency. In certain situations of sensory impro~
verigihment, a more warked change coccurs in the individual's subjective perception of himself and his enviro-
nment. iHe may, for example, feel that he is no longer in control of himself, but is an "outside observer'
who would he unable to respond appropriately if required to act. Depersonalization and unreality feelings
of this sort appear to be mimilar to fugue states, amesiz, somnumbulism, and hyprotic trance states,

o - When the sensory input is at a level greatex than can be processed by the individual, the number of .
vl -+ aignals respondaéd to may actually fall below the level obtalned at a lower signal rate. As an extreme, & ’
crewman who is ovirlosded may "freeze," unable to take auy action at all, Flnally, under circumstances
difficult to define or predict, incoming information is distorted or ignored by the CNS, resulting in rea-
ponses which are inappropriate to the situation. Thea conditions most commonly responsible are anxiety,

fatigue, and disorders of attentlon which have a psychiatric basis.

1solation and sensory deprivation effects are probably part of this same behavioral continuum. It is 4
clear that the effects obtained under conditions of sensory deprivation, in particular, involve several 4
. other factors, including fatigue, monotony, and boredow. There is also a tie between sensory deprivation
i ard isolation. The essential nature of isolation is the separation of an individual frow objects or stimulus v
’ sources in his environment. Beyond this, 1f an individual is ahut off from sources of information and stim=-
ulation, sensory deprivation effects can occur.

When the results of isolution and eensory deprivation studies are combined with additional information
gained fros the effects of other unusual environments, such as those which produce the break-off phenomenon
the cataract paychosis, and the respirator psychosis, a clear picture emerges. In unusual environments,

L there are emotional responses which may occur in nowmal people. Tnese are more commonpisce than is usually .
recognized, but are usually of little import to the crewman's performsnce. These emotional responses can

range from minor perceptual. aberrations and other minor affective changes to gross misperceptions which may

well alter crew functioninp. Physical or environmental stresses may be involved in these situations, making

the effects wore acute. Tie effects are usually transient, and recovery 1is rapid when appropriate levels of

stimulation are reestablished. While these effects have been reported vften enough to demonstrate that they

represent real alterationt in overall levels of awarenass, they occur relatively infrequently and should not

ba regarded as major problems.
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Maintenanrce of 8kill

We might woader how, in (le face of all physiologic and psychologic streases infringing on mission crew,
we caa halp aach man maintain an scceptsble lavel of perxformence. In addition to effective fesding and rast
facilities, the following six procedures should be followed:

(a) Simplify tasks as much as possibla.
(b) Reduca or remove all over-load conditions,

(c) Increass the flow of stimulation and feedback from the system back to the crewman on tasks with
low zrousal value.

(4) Over~train on subroutines i the complex tusks.
(e) Train exhaustively on amergency proceduras,
(f) Uss optisum work/rest schadules.

In brief, it is nacsssary to snginser the job to both reduce over-~load and augment low-load conditions
and then to train as frequently and intensively as possible,

PART VI1

Oparaticnal Applications and Conclusions

Changes in alartness ara of immediate significance to tha safety and success of flying operations. For
exasple, decressed alertness played sn important role in each of these actual aircraft sccidents or incidents:

A transport crev is alerted for s long over-water mission in the sarly hours of the morning. After

two days with little slesp, the crew nearly runs the plane off a taxiway and the balance of the mission
is cancelled,

A flighter-bowber squadron is deployed across eleven time zones to & new combat theater. Thirty-six

hours later, at a tixe comparable to home base midnight, a plane is damaged in an inflight incident
attributed to pilot errxor.

A klaxon sounds at a stratagic bomber alert facility. The crewmen, awakened from a wound sleep,
rush Lo their plane and accidentally taxi it onto another aircraft killing one person.

This msonograph has discussed numerous factors which may affect the biological state of alertness, Many
of the basic laboratory or animal data are not directly applicable to present operational situations, but
rathexr provide the foundation upon which current hypotheses and future research will be based. Clearly,
neurophysiologic states and mechanisms play a central role~-to a degrec more evident in alertness than any
other bshavioral state or entity, Human rasearch with visual evoked potentials provides a model for explain-
ing distraction in the cockpit or derreased detection with time during radar vigilance. The relatlon of
avoked response to gsnsral arousal sud specific attention suggests operational remediss to vigilance problems.
Eithar novel stimuli or zdequate rest intervals will overcome the effects of habituation,

The endocrine system and particularly epinephrine also play a major role in alerctness. By acting upon
naurophysiologic mechanisms, chay produce veriationa in attenticn vhich can be facilitating or degrading.
Low levels of demand (or understimulation) have no effect upon endocrine excretion and result in a low state
of alertness, In contrast, highar lavels of demand activate the adrenal gland and cause increased concen-
tration of circulating epinephrine while at the same tima activating tha neurophysiologic mechanisms resulting
in a high state of alertnass. In the case of excessive demand, circulating epinephrine reaches its highest
levels, but parformance actually worsems, Endocrine-matabolic changes auch as these have bean obsarved iu a
varisty of military flying and air traffic control situatione, When measured in personnel parforming tasks

requiring prolonged alertners, attention or resdiness, they prov’de an operationally useful index of the
physiologic stress involved.

Nutrition has been presented hore as a substrate to alertness-a chronic factor rather than an acuta one.
It is of particular interest from sn opsrationsl point of view b airer , especially those involved
in missions of more than 5 or 6 hours, are notoricusz viclators of good nutritional practices, for a variaty
of yeasons. Pilots should be made aware of the diminished visual ad psychomotor function which may result
frow missed meals. They should know the advantages of carrying .. carbohydrate source for quick unergy, of
avoiding crash dieting and of adaquate rehydration sfter long or hot missions. Chronic factors such as
nutrition and age have recaived relatively little attention in aerospace medical research, but damerve more.

Ths relationship betweon demand placed on a crewman and his level of alertness is described by an
invarted U, Within the framawork of this modal, the numerous environmental factovs discussed in the motio-
graph may be viewed as losd augnentars. 7Tha external stressor, acting at low levels may actually increase
alertness and facilitate performance, perhays by stimulating iacreased neurophysiclogic/endocrine activity.
At high lavels, environmental factors add to the demand at the pesk of the inverted U and therafore, faciii-
tate the dagradation of slertness. In oparational setrings, temperatuzs, humidity, pressure, noisa, vibra-
tion, accsleration and specific task requirements all function in this wanner. Other factors such as toxic
gasus, hypoxis and rediation produce only diminished attention. As a genaral principal, all environmantal
extremas decrsase alertness and are to be uvoided by aircrewmen if at all possible. Individusl variabilicy
io resistence, adaptability . . motivation confound this simple .ule by precluding any universal definition
of exactly what constitutes an environmental extreme. The importance of caraful selection, training, accli-
matization and physical conditioning for maintainiug aircrew readiness is reconfirmed.
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The basic intermal mechaniims snd fwndamsutal sxtemnal influsnces discusssd in the early portions of
the monograph find logical spplication im the comcluding section om performance snd fatigue. Alertnsas is
a major componsat of performmnce. It is difficult in weay instsaces to differentiate ths ¢two, particulaxly
vhon discussing fetigus, sisce wost fatigus effecte includa reduced alertuess. It is doudtful that a cleer
separation cem ba made or is needed sinee many foriigus remadiess or preventive msasures apply aqually well to
alertmass. Comsequeatly, the comcludiag recommswdatiouns om msintensuce of performance in the face of scute,
chronic or cusulative fatigus will aleo prove useful to commanders who face probiems of alartnses. Grester
attantirz to kmowa factors such as diurnal variation, swiden swekening and work/rest echedulas could have
prevented each of the aircraft accidents described at the baginning of this section.

Alartness is a biological state, behavioral in its wost obvious manifestations and clearly importsat for

sivival im tha flying eavironment. This womograph has attespted to identify the factors sod macheniems

vhich waderlie alertness. BSuch knowledge will promote wnderstanding asad eventually prediction of operational

coedicions thet diminish vigilemce and attention. Most importantly for the safety and success of our air-
crews, from this knovladge emsyges the meens to maintain high lavels of resdiuvses.
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